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SUMMARY
The neurophysiological response of the visual system, 
from the pre-synaptic function of the retina to occipital 
cortex, of 45 "classic" migraine and 27 normal control 
subjects, with age range 15-55 years was studied using 
different forms of visual stimuli. The aims were to 
determine the nature and identify the site of differences 
between migraine and control subjects and to find out 
whether the differences were due to a constitutional 
predisposition to migraine or a were consequence of 
migraine attacks.
Preliminary experiments on eight subjects determined 
the operational techniques, electrode montage, reference 
sites and frequency range of flicker stimulation.
Recordings included the electro-oculogram during dark 
and light adaptation, the electro-retinogram and visual 
evoked potential to single and repetitive stroboscopic 
flash at rates from 4 to 80 per second and the visual 
evoked potential to pattern reversal (checkerboard) 
presented as full and half field stimulation. Cross-group 
comparisons were made according to age, sex, length of 
history and frequency of attacks. Recordings of retinal 
function were similar in the control and migraine groups. 
However, the visual evoked potentials to single flash, 
repetitive flash and checkerboard stimulation showed 
statistically significant differences between the groups 
indicating that cerebral visual function is different in 
people suffering from migraine especially if they are
female.
The differences between the groups are discussed in 
relation to the concept of subsystems of the visual system. 
It is concluded that any dysfunction occurs late, probably 
in the cortex, in the medium frequency subsystem to flicker 
whilst the delays in the pattern reversal subsystem reflect 
physiological dysfunction rather than structural anomaly. 
Furthermore, it is concluded that the differences are 
associated with a constitutional predisposition to migraine 
and not to trauma from cerebral ischaemia suffered during 
migraine attacks.
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PART 1
INTRODUCTION AND GENERAL REVIEW
CHAPTER 1
MIGRAINE
1,1, INTRODUCTION
Written accounts of headache can be found in ancient 
poetry, of about 3000 BC (Lance, 1982), A couplet from a 
Sumerian poem is quoted by Alverez (1945) in which "I am 
sick eyed" and "I am sick headed" appears, A more specific 
reference is made in Babylonian Literature of about the 
same period where "flashing like lightning" and "flashing 
like a heavenly star" appears in a poetic description of 
headache (Sigerist, 1955 and McHenry, 1969), Migraine, 
neuralgia and shooting head pains were mentioned in Ebers 
Papyrus, transcribed from earlier medical documents in 1550 
BC, where reference to prescriptions written in 3700 BC was 
made (Major, 1930), Hippocrates (460 BC) is credited with 
the first description of the visual symptoms which precede 
the intense headache and the act of vomiting which would 
often alleviate the suffering (Critchley, 1967), Cornelius 
Celsus, a Roman physician, stressed the constitutional 
nature of migraine, some of its triggering factors, 
including wine drinking and the possible confinement of 
pain to a part of the head and contiguous part of the face, 
Aretaeus of Cappadocia (AD 30-90) is generally 
credited with the discovery of migraine because of his 
description of pain that remained confined to half of the 
head, associated with "vomiting of bilious matters". 
However it was Galen (AD 131-201) who introduced the term 
"hemicrania" which by a slight distortion became known as 
"megrim" or "migraine" (Lance, 1982), Transient sensory
loss and weakness on the left side of the body, 
accompanying severe headache was described by Charles Le 
Pois in 1618 (Riley, 1932), Two chapters on headache were 
presented by Thomas Willis (1621-1675) in which he pointed 
out that the source of the pa*in was not in the brain, 
cerebellum or medulla, but rather distortion of the vessels 
which "pull the nervous fibres one from another and so 
brings to them painful corrugations or wrinklings".
Many references are made in the medical history of 
the eighteenth and nineteenth centuries to the symptoms and 
treatments of migraine. The "fortification spectra" was 
described by Fothergill in 1778 and Erasmus Darwin, the 
grandfather of Charles Darwin, suggested a trial of 
centrifugal force for the relief of headache. He reasoned 
that forcing the blood away from the brain into other parts 
of the body might remove a headache and the challenge was 
accepted 150 years later by Harold G. Wolff, using a man 
carrying centrifuge, with successful results. For a more 
complete history of these times the reader is referred to 
Lance (1982). The first major treatise devoted to the 
subject of migraine deserves mention here, written by Dr, 
Edward Liveing (1873), it was entitled "On Megrim, Sic 
Headache, and some Allied Disorders: A contribution to the 
Pathology of Nerve-Storms", This well documented monograph 
of more than 500 pages is treasured as a minor classic.
Many remedies for the relief of migraine have been 
tried, through the ages, without effect, but a notable 
contribution to the history of treatments was the 
appearance in the British Medical Journal of 1868 of an 
article by Edward Woakers: "On ergot of rye in the
treatment of neuralgia", A derivitive of ergot (ergotin) 
was isolated in 1875 and was used in combination with other 
substances over the next fifty years. During this period 
"Gower's Mixture", a solution of nitroglycerine 1% in 
alcohol combined with other agents, was introduced as a 
prophylactic treatment.
The history of migraine merges with present day 
clinical, therapeutic and experimental studies, from the 
first quarter of this century when, in 1925, the Swiss 
chemist Rothlin isolated ergotamine.
1.2 CLASSIFICATION
Most people experience headaches of one type or 
another, the headaches being a symptom of some underlying 
cause. As many headaches are not migrainous in character, 
e.g. tension headaches, it is important that the criteria 
used for defining migraine in research or clinical studies 
be quoted. Those proposed by the Ad Hoc Committee on 
Classification of Headache (1962) are commonly used for 
classifying migraine and other types of headaches. However 
as Blau (1984) points out, the frequent use of words such 
as "commonly", "sometimes" and "usually" in the report 
indicates the Committee's intention to describe rather than 
to define migraine, a view that Professor A. Friedman, 
Chairman of the Committee, has since confirmed.
The Ad Hoc Committee classified fifteen different 
types of headache including "Vascular Headaches of the 
Migraine Type" (Appendix A). The "migraine type" 
classification was examined by the Research Group on 
Migraine and Headache, presided over by Dr. Macdonald
Critchley in 1969, and the previously classified five types 
were reduced to two; "classical" and "non-classical". 
Whereas the Ad Hoc committee classified headache without
intending to define migraine, the Research Group agreed a
set of definitions (Critchley, 1970) which are as follows:-
Migraine: A familiar disorder characterised by
recurrent attacks of headache, widely variable in
intensity, frequency and duration. Attacks are commonly 
unilateral and are usually associated with anorexia, nausea 
and vomiting. In some cases they are preceded by, or
associated with, neurological and mood disturbances. All 
the above characteristics are not necessarily present in 
each attack or in each patient.
(A) Conditions generally accepted as falling within 
the above definitions :-
1. Classical migraine, in which headache is
preceded or accompanied by transient focal neurological 
phenomena, e.g. visual, sensory, or speech disturbances,
2, Non-classical migraine, which is not associated 
with sharply defined focal neurological disturbances. This 
is the more common variety encountered,
(B) Conditions which may fall within the category of 
migraine :-
1, Cluster headaches. Unilateral intense pain
involving the eye and head on one side usually associated 
with flushing, nasal congestion and lacrimation, attacks 
occurring one or more times daily and lasting for twenty to 
one hundred and twenty minutes. Such bouts commonly 
continue for weeks or months, and are separated by 
remissions of months or years (synonyms Harris's ciliary or
migrainous neuralgia, Horton*s histominic cephalgia).
2. Facial "migraine". Unilateral episodic facial 
pain associated with symptoms suggestive either of migraine 
or cluster hadache (synonym "lower half" headache).
3. Ophthalmoplegic "migraine". Episodic
migraine-like attacks associated with objective evidence of 
paresis of the extra-ocular muscles usually those supplied 
by the third nerve, often outlasting the headache. A 
structural abnormality must be excluded before this 
diagnosis can be made.
4. "Hemiplegic migraine". A rare condition, which 
may exhibit a dominant inheritance, characterised by 
episodic migrainous attacks associated with hemiplegia 
outlasting the headache.
While the definitions are much used many authors do 
not agree fully with them. There is divided opinion over 
the inclusion of cluster headaches as a form of migraine
(Lance 1973; Medina and Diamond 1977). Conversely there is
/disagreement about the clasification of forms of migraine 
that have been omitted from the definitions. Many authors 
consider that ophthalmic migraine, basilar artery migraine, 
abdominal migraine and other migraine variants should be 
included in the definitions of migraine. Friedman (1982) 
wrote "Even today the definitions of migraine are far from 
uniform. For example, the term is used by many physicians 
to include only classical migraine, which comprises only 
about 10% of all migraine headaches".
Distinction between prodromes and auras is often not 
correctly identified, possibly due to the fact that 
prodrome and aura are synonyms (OED). This prompted Blau
(1980) to study a group of 50 patients with uncomplicated 
migraine from which he showed that 17 of them had symptoms 
that preceded the headache phase by several hours. These 
symptoms of changes of mood, behaviour, wakefulness, gut 
motility and fluid balance, with an insidious onset he 
defined as prodromes as distinct from auras. The latter 
begin suddenly, last minutes, and commonly affect vision 
and, less often, somatic sensation, motor, speech or brain 
stem function. These difficulties led to a new proposal for 
the definition of the migraine headache as recently as 1984 
(Blau), A novel feature of the proposed definition is the 
limitation of the duration of the headache (2 to 72 
hours),If this abundance of definitions is confusing take 
heart from Cooke et al (1983) "Definition of a disease is 
necessary for analysis and evaluation of clinical data and 
research, and requires revision periodically as new 
knowledge becomes available"
Classical Migraine deserves special mention since 
there is much greater agreement amongst clinicians over its 
classification than other forms. The auras, which
distinguish it from other forms of migraine, may be so 
striking as to cause the patient alarm, particularly on the 
occasion of the first attack. The symptoms and their 
sequence are consequently well imprinted on the patient's 
memory and enable the diagnosis to be made more easily and 
with greater confidence than with other types. Classical 
migraine occurs in 10% (Friedman, 1982) to 20% (Blau, 1984) 
of patients with migraine.
1,3 RECENT CONCEPTS
The first recognised hypotheses regarding the 
pathogenesis of migraine were founded about 100 years ago 
by Liveing, They were clearly described by Gowers (1888),
"Two chief theories have been held regarding the 
origin of attacks. One is based upon the alteration in the 
state of the blood vessels that is so conspicuous in the 
aspect of the patient. The pallor of the surface must be 
due to the contraction of the arteries, and the flushing of 
the skin to their dilatation, and it is assumed that a 
corresponding condition of the vessels of the brain is the 
cause of the derangement of functions. According to other 
and alternative explanations of the disease, the primary 
derangement is of nerve cells of the brain. Their function 
from time to time is disturbed in a peculiar manner, and 
the visible vaso-motor disturbance is secondary in origin," 
The first experimental examination of the hypotheses 
was made possible by the development of chemical agents 
that act upon the vascular structure. These agents provided 
a platform for experimentation and marked the beginning of 
the modern era of headache research. The classic article 
on the action of ergotamine tartrate and the mechanism of 
migraine headache was presented by Grahame and Wolff (1938) 
who showed that administration of ergotamine reduced the 
amplitude of the pulsations of the temporal artery in 
patients with headache and that this effect was associated 
with a decrease in headache.
This demonstration of the relief of pain by action 
upon blood vessels prompted study of pain sensitive areas, 
Ray and Wolff (1940) studied patients prepared for
neurological surgery and demonstrated a number of pain 
sensitive structures of the head. These include the skin 
of the scalp and its blood supply and appendages; the head 
and the neck muscles; the great nervous sinuses and their 
tributaries, parts of the dura at the base of the brain; 
the dura arteries; and at least the 5th, 6th, and 7th 
cranial nerves and the cervical nerves. These and other 
authors have shown that pain from structures above the 
tentorium cerebelli is usually appreciated in the frontal, 
temporal and parietal regions of the skull whilst that 
referred from structures below the tentorium cerebelli is 
usually appreciated in the occipital region. Thus the pain
of migraine may arise from intra or extra cerebral sources,
Wolff (1963) summarized thirty years of work 
supporting the hypothesis that the aura is due to
constriction of the major cerebral arteries and that the 
headache is caused by excessive pulsations of the extra 
cranial arteries, specifically the supra-orbital, 
superficial temporal or occipital vessels. However the 
hypothesis was concisely rebutted by Friedman (1975),
"Vasodilatation alone, however, cannot explain the painful 
phase of migraine. Most patients during an attack of 
migraine turn pale and feel cold, phenomena associated with 
vasox constriction rather than vasodilatation. Further, 
headache is usually aggravated by coughing, straining, or 
applying the Valsava test; from this we can infer that a 
nervous component is involved,"
The relationship of temporal pulse amplitude and the 
intensity of migraine hadache reported by Tunis and Wolff 
(1953) was not confirmed by other workers (Brazil and
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Fig.1.1 Tunis and Wolff's temporal artery pulse-wave tracing before 
and during a migraine attack.
Friedman 1956, 1957; Heyck, 1956), It was also argued that 
exertion, heat and anoxia all produce vasodilation without 
producing headache, Blau (1978) supporting Friedman's 
views, added weight to the argument by using Tunis and 
Wolff's own tambour recordings, Fig 1,1, He compared the 
height of the pulse waves during the headache free period, 
36 to 72 hours before the attack, with those at the height 
of the headache phase to demonstrate no notable 
differences. He proposed that the headache is due to 
stimulation of nociceptive nerve endings in the walls of 
meningeal vessels.
More recently there is a growing body of opinion 
supporting the view of Friedman (1982), that other factors, 
e.g, mediators of inflammation or vaso-active materials 
are important to vascular permeability and are elaborated 
around the painful dilated arteries that characterize 
migraine. Studies carried out by Dalessio (1978) suggested 
that the dilated migrainous arteries are hyper-permeable 
and are involved in a sterile local inflammatory reaction 
in which vaso-active substances and platelets participate. 
The vascular permeability may be influenced by the release 
of vaso-active substances from their reservoirs in the 
circulation or tissue sites. Present evidence implicates at 
least five and possibly more groups of vaso-active 
substances associated with arterial inflammation and 
increased permeability particularly the amines (serotonine, 
histamine, trynamine and phenylethylamine) (Hanington and 
Harper, 1963; Anthony et al, 1967; Anthony and Lance, 1971; 
Sandler et al, 1974) the polypeptides (bradykinin and 
angiotension) (Sicuteri et al, 1963) and the free fatty
acids, including prostaglandins (Horrobin, 1977). Lance 
(1978) suggested that in migraine subjects the serotinin 
released from platelets first caused a vasoconstriction and 
was then absorbed into the vessel wall where it combined 
with histamine" and kinins to increase the sensitivity to 
pain of the affected arteries.
The vascular theory assumes that cranial vessels 
overreact to one or more circulating agents independent of 
the autonomic control of the affected vasculature, and 
variation in calibre of these vessels provokes the attack 
sequence. In contrast the neurogenic theory implies a 
primary neural stimulus that in turn induces a vaso^Jhotor 
response.
Bruyn (1982), in a critical treatise supporting the 
neurogenic hypothesis presented the notion of cortical 
processing of the triggering events with subsequent 
involvement of hypothalomic structures where a single 
factor, a neuropeptide or neurohormone, was released 
setting the attack itself in motion. He argued that the 
non-specificity of factors provoking the migraine attack in 
constitutionally labile people, the specific stereotyped 
functional disturbances of the attack itself and the long 
latency of the manifestation of the attack from the 
triggering event, gave support for the hypothesis. He 
presented neuroanatomical evidence for an area of the upper 
brain stem, containing the mesencephalic grey, the basal 
thalamus, lateral geniculate body, posterior limb of the 
internal capsule and hypothalamus as the smallest possible 
region accommodating all dolorous, sensory, visual, motor, 
speech, autonomic and mental symptoms in migraine. This
area is supplied by the anterior and posterior choroidal 
arteries and Duret thalamogeniculate artery, all three 
branches deriving from the vertebral (basilar) artery.
In summary, there have been considerable changes to 
both the vascular and neurogenic hypotheses of migraine 
first presented 100 years ago. Critics of the much studied 
vascular hypothesis use the prodromal phase of classic 
migraine to argue a neurological basis with subsequent 
vascular changes. The current conservative opinion of the 
pathophysiology of classical migraine were summarised by 
Lance in 1982:-
"A wave of excitation followed by depression of 
cortical function spreading over both hemispheres from the 
occipital area forwards, accompanied by diminished regional 
cerebral blood flow, thus producing the characteristic 
neurological symptoms of migraine. This reaction may 
originate in the cerebral cortex, its vascular supply or 
the brainstem which supplies the cortical micro-circulation 
through direct serotoninergic and noradrenergic fibres. 
The headache phase is usually, but not invariably, 
associated with increased cerebral and extracranial blood 
flow, which is not in itself sufficient to account for 
headache. Additional -factors such as distortion of the 
walls of larger vessels (arterial or venous, inracranial or 
extracranial), the sensitization of the vascular wall (by 
the absorption of serotonin, release of histamine or 
formation of bradykins) and impairment of the endogenous 
pain control system are thought to be required for the 
production of vascular headache,"
CHAPTER 2
THE ELECTROENCEPHALOGRAM
2.1 INTRODUCTION
The electrical activity of the brain
(electroencephalogram EEG) of man was first recorded by 
Hans Berger in 1925 although he waited until 1929 before 
publishing his work (Brazier 1961a). The activity can be 
recorded from electrodes placed on the scalp - the 
amplitude is of the order of 50 microvolts. The signal is 
quasi-rhythmic in the freqency range 0 - about 100 Hz and 
varies over the scalp. It has characteristic features in a 
number of neurlogical conditions. Clinical EEG recordings
usually are derived from an array of scalp electrodes and 
written on a multichannel pen recorder.
Much of the scalp EEG is thought to arise from the 
superficial layers of cortical neurones. Each neurone 
consists of a cell body (soma); an axon that connects to 
other cells often in different parts of the nervous 
system; and a dendritic tree structure on which fibres from 
other cells can terminate by way of synapses. Communication 
across synaptic clefts is by transmitter substances that 
can be inhibitory or excitatory,
2.2 THE ELECTRICAL ACTIVITY OF THE NEURONES
The electrical state of a quiescent neurone is a 
membrane potential difference of about 80 millivolts 
(negative inside), This resting potential is due to 
differences of ionic concentrations inside and outside the
cell and is maintained by special mechanisms such as the 
sodium pump. The nerve cell is rarely at rest since it is 
continually activated by other neurones by axonal or 
synaptic connections.
Transmission of information along an axon is by means 
of progressive transient disturbance of its resting 
potential? the depolarisation of each region exciting the 
adjacent inactive one thereby providing a new regenerative 
impulse. Arrival of the impulse at the cell can cause the 
permeability of its membrane to increase and activate the 
cell into producing a spike potential of its own.
Transfer of signals between cells by synaptic 
transmission can be electrical, across a much reduced 
intercellular space (2 nm) and chemical by means of 
transmitter substances secreted from the nerve terminals 
into the fluid filled gap. An excitatory transmitter 
substance will cause the receptor membrane potential to 
become more positive (EPSP, Fig,2,1) and summation of EPSPs 
can cause the cell to discharge. An inhibitory transmitter 
substance will have the opposite effect (IPSP) and reduce 
the chance of the cell discharging.
As already described the action potential is large 
compared with the EEG and the duration of the spike is very 
brief. The chances of synchronous firing of sufficient 
adjacent cells, to produce effective summing for the 
production of slow EEG activity, detectable at the surface 
of the cortex, are small, Li and Jasper (1953), who were 
able to record spontaneous cortical waves (EEG) after 
administration of an anaesthetic dose sufficient to inhibit 
cortical action potentials demonstrated the insignificant
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Pig.2.1 Membrane potential of a neurone at rest and following 
stimulation of inhibitory axons (I), one group of excitatory 
axons (E^) and two groups of excitatory axons (E^+E^; AP, action 
potential; IPSP, inhibitory postsynaptic potential; EPSP, excitatory 
postsynaptic potential.
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Fig.2.2 Diagramatic representation of signal transmission from 
cortex to scalp. (From Cooper et al 1980).
contribution of these potentials to the formation of slow 
waves,
However the post-synaptic potentials developed by the 
neurones have a relatively slow time course and develop 
large extra-cellular potentials, as great as 30 mV, 
causing external currents to flow between the upper and 
lower layers of cortex, Jasper and Stefanis (1965) and 
Creutzfeldt, Watanabe and Lux (1966) showed that 
post-synaptic potentials of cortical neurones have a close 
time relationship with rhythmic activity recorded at the 
surface of the cortex and are believed to be the origin of 
the cortical EEG,
The relationship between cortical and scalp EEG was 
investigated by Cooper et al (1965) who suggested that if 
the area of cortical tissue involved in synchronous 
activity is small the attenuation at the scalp is high (low 
amplitude EEG) whereas if a few square centimetres are 
involved in synchronous activity the attenuation factor is 
low and there is scalp activity. This is summarized in 
Fig,2,2,
2,3 THE NORMAL EEG
The EEG differs in frequency and amplitude depending 
on the positions of the recording electrodes and the mental 
state of the subject. The EEG reflects the functional 
state of the cortex and in the normal subject is altered 
during activation, drowsiness and sleep. It may be 
recorded in the baby at 24 weeks conceptual age and from 
that time undergoes progressive changes generally 
increasing its basic frequency and decreasing amplitude 
‘lut'irtq thl t cut's* A opTnGnt ani ahoA.lt
remains stable in the healthy adult until further changes 
occur in old age. The frequency spectrum of the EEG has 
been divided into bands as follows:-
Delta: below 4 Hz
Theta: from 4 Hz to less than 8 Hz,
Alpha: from 8 Hz to 13 Hz.
Beta: more than 13 Hz.
The normal healthy awake adult presents a resting EEG 
of well organised rhythms the dominant of which is the 
alpha rhythm. This arises from the posterior regions of the 
head and is usually attenuated or suppressed by visual 
attention and transiently reduced by other sensory stimuli. 
It may persist, unresponsive to stimulation in some
subjects. It is very prominent in some adults, and almost 
absent in others (about 10%) and is usually of lower 
amplitude in the dominant hemisphere.
Beta activity may be seen in the normal EEG,
particularly in the elderly, but is generally of low
amplitude (approximately 5 microvolts) and blends with 
theta activity of similar amplitude to form the background 
of non-rhythmic activity on which other discharges may be
superimposed.
The EEG may be changed by a number of provocative
techniques. The response to photic stimulation which is an 
important part of this thesis will be described later .
(section 4.2).
2.4 THE EEG IN MIGRAINE
2.4.1 Introduction
As the EEG of migraine subjects may change
dramatically during migraine attacks the resting EEG 
activity during headache free periods and during migraine 
attacks are considered sejojelrately. The changes in response 
to photic stimulation will be described in more detail 
later.
2.4.2 The Headache Free Period
In the headache free period the reported incidence of 
EEG abnormality is between 25 and 60% (Dow and Whitty,
1947; Selby and Lance, 1960; Smyth and Winter, 1964; 
Hoefer, 1967; Heyck, 1969; Goldensohn, 1976). The
abnormalities referred to are transient low amplitude 
complex spike activity often recorded at the temporal 
electrodes; excessive amounts of theta activity; focal and 
generalised slow waves; and local spike or sharp waves. 
See Parsonage, 1975 for a comprehensive review of the
spontaneous EEG findings in migraine.
In the normal adult hyperventilation can augment or 
evoke abnormal slow activity. This well known effect, 
shown by Meyer and Gotoh (1960) to be related to 
hypnocapnic constriction of cerebral vessels causing 
reduction in cerebral blood flow and consequent ischaemic 
anoxia, has led to the suggestion that people with migraine 
suffer from a chronic pC02 sensitivity (Towle, 1965). The 
observation that inhaled C02 can abolish the slow activity 
during a migraine attack (Smyth and Winter, 1964) has 
pointed to a possible relationship between migraine and the
homeostatic processes responsible for the regulation of 
cerebral circulation.
Hyperventilation has a striking effect upon the EEGs 
of some migraine patients. Cohn (1949) described the 
augmentation of slow wave activity produced by 
overbreathing and Weil (1952) developed the concept of 
"dysrhythmic" migraine. All the patients he described 
(Weil, 1952, 1962) showed striking hyperventilation
activation and their migraine failed to respond to 
ergotamine preparations but showed a marked therapeutic 
improvement if either phenytoin or methoin was added. 
There is some further evidence for the therapeutic value of 
phenytoin (Smyth and Winter, 1963, 1964), but as these
authors and Slatter (1968), point out the overbreathing 
response is not specific to migraine. The conclusion of 
Parsonage (1975) is that the subject of dysrhythmic 
migraine remains something of an enigma because it is not 
easy to define on clinical grounds; and many observers feel 
that the EEG findings are not sufficiently distinctive to 
justify classifying it as a special variety.
2.4.3 The EEG during the migraine attack
The EEG changes that occur during the course of a 
migraine attack itself can be very striking. Camp and 
Wolff (1961) described three types of focal delta activity 
that could be found in the EEG during and following the 
attack. The first developed with the onset and disappeared 
with resolution of the clinical symptoms; these are likely 
to be related to local ischaemia. The second variety 
persisted for hours or days and may be related to localised
oedema. The third continued for a longer period and may be 
associated with lasting focal neurological signs; these 
usually indicate infarction.
The slow activity may be strictly localised and show 
progressive changes in distribution as the attack developes 
or it may be lateralised and remain so throughout the 
attack and for some time following it. The EEG from a 
young patient with migraine is shown in Fig, 2.3. The 
upper traces show delta activity maximal over the left 
parietal and occipital region, recorded 1 day after a 
transient episode of right-sided numbness and right 
homonymous hemianopia associated with severe headache. The 
bottom traces show minimal asymmetry of activity over the 
posterior regions, during a headache free interval 
(Westmoreland, 1979). EEG changes of this type have been 
described by many authors (Symonds, 1951; Engel et al, 
1945; Hollenhorst, 1953; Whitty, 1953; Murphy, 1955; 
Rosenbaum, 1960). In one of two cases described by Smyth 
and Winter (1964) the focal delta discharges occurring 
during the attack were abolished immediately after the 
inhalation of carbon dioxide, suggesting a relationship 
with ischaemic changes.
The severity and permanence of the changes that can 
occur may be gathered from a case described by Connor 
(1962) who adduced convincing evidence that migrainous 
attacks can give rise to permanent neurological lesions. 
In one of his patients an attack led to a left-sided 
hemiplegia and homonymous visual field defect. This was 
accompanied by high amplitude delta discharges in the EEG 
from the right hemisphere and the right posterior cerebral
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Fig. 2.3 EEG from a 16 year old patient 1 day after a migraine 
attack (upper traces) and during a headache free interval 
(lower traces).
(From B. Westmoreland 1979)
artery failed to fill during angiography. Months later the 
patient had focal epileptic seizures and an air 
encephalogram showed that there was atrophy of the right 
cerebral hemisphere.
Although the EEG abnormalities can be very marked 
during classical and hemiplegic migraine with accompanying 
neurological changes, they may not occur in all cases of 
classical or common migraine (Lauritzen et al, 1981) .
CHAPTER 3
THE VISUAL SYSTEM
3,1. THE EYE
Various components of the eye focus light rays on the 
the retina. The retina, a thin transparent lamina of 
tissue, is embryologically an ectopic portion of the 
primitive forebrain; a laminated structure containing 
photoreceptor cells, neurons and glia. Light is
transmitted through the retina which is transparent and
imaged on its back (inner) surface. The front (outer) 
layers contain the photo rectors, rods and cones, that 
convert light quanta into electrical potentials. Impulses 
from these cells are transmitted to bipolar cells that form 
an intermediate zone. These elements represent the primary 
afferent neurons of the visual system and the very short 
axons of the bipolar cells terminate on the ganglion cells 
that occupy the inner zone of the retina. The axons of the 
ganglion cells extend over the inner surface of the retina
and converge at one point, the blind spot, medial to the
centre of the retina, where they leave the eye.
The fovea is the central area of the retina 
containing no blood vessels and 110,000 specialised thin 
cones. Surrounding the fovea is the macula, an area 5 mm 
in diameter. The photo receptors at the macula are mainly 
cones (650,000) which synapse with bipolar cells which in 
turn synapse with ganglion cells in a one to one ratio. 
About half of the optic nerve fibres convey information 
from the macular cones. The peripheral retina contains a
mixture of about 75,000 rods and 5,000 cones per square 
millimetre which converge on less bipolar and even less 
ganglion cells. The bipolar cells often collect from 
several rods and cones which in turn impinge upon a number 
of bipolar cells; the impulses arising in the rods and 
cones therefore diverge and converge in their transmission 
from receptor to ganglion cells. There are at least two 
types of "association" cells that serve further to 
interconnect the activity of the receptor cells. 
Horizontal cells receive impulses from some receptor cells 
and transmit to others, and in the inner part of the retina 
amacrine cells radiate effects aroused by bipolar cells to 
several ganglion cells.
The whole functional interconnecting system 
transforms the incoming signal. Stimulating a single 
receptor by light can have an influence on many bipolar or 
ganglion cells and conversely a single bipolar or retinal 
ganglion cell may be influenced by a number of receptors 
over a substantial area of the retina the receptive area or 
field. Although the rods and cones constitute two types of 
receptor cells their connections with the intricate system 
of bipolar and horizontal cells clearly show that they do 
not form two distinctive systems but one intimately related 
visual function.
Distinction of the rods and cones is important 
however since it is a basic factor in the duplicity theory. 
This theory presented at the end of the nineteenth century 
by von Kries and now generally accepted, assumes that there 
are two types of receptors forming two systems of vision 
each with its own properties. The rods are assumed to
function at low illumination (night vision); they are more 
sensitive than the cones. The cones are considered to be 
daylight receptors, operating in high illumination. The 
cones are sensitive to colour; the rods only shades of 
black and white. The cones are more involved in space 
perception and visual acuity due to the high density of 
their population in the central part of the eye and their 
connection to equal numbers of bipolar and ganglion cells. 
The rods, by virtue of the fact that they are more numerous 
in the periphery of the eye and great numbers of them 
converge on a small number of ganglion cells, are 
specialised for intensity changes and sensitivity to very 
weak light. The above statements, all of which are to some 
extent true, are part of a general statement of the 
duplicity theory, which is however more complicated than 
the description may make it appear.
Kuffler (1953) first observed that retinal ganglion 
cells are influenced by small spots of light and that two 
types of responses could be produced depending on where in 
the receptive area the spot fell. One was an "on" 
response, causing an increase in the cell's firing rate and 
the other an "off" response, which caused a decrease. He 
found two types of ganglion cells, one in which the 
receptive field was a small circular "on" area surrounded 
by an area which produced "off" responses which he called 
an "on" centre cells and the other with a reverse form of 
field which he called an "off" centre cell. The response 
of any one cell depended upon where the light struck its 
receptive field. Furthermore its response was greatest 
when a small circular spot of light, was placed so as to
cover exactly the receptive field centre. Its response
under these conditions was much greater than when diffuse 
light was presented to the whole of the retina. The main 
function of these cells appears to detect the contrast of 
illumination between one part of the retina and another.
Another classification of organisation of retinal 
ganglion cells is that of "sustained" and "transient" 
channels that are considered to relate to two kinds of 
cells, 'X 1 and 'Y' cells. These were found in the retina 
of the cat and monkey (Enroth-Cugell and Robson, 1966), The 
evidence from these experiments suggested that the 'X1 
cells of the "sustained" system respond to the sum of 
signals about illumination from all parts of the retina, 
and were responsible for analysis of shape and the 'Y', 
cells of the "transient" system responded to spatial 
frequencies and were more responsible for movement. The 
sustained/transient classification was shown to apply to 
both on-centre and off-centre cells (Cleland et al, 1971). 
More recent evidence (King-Smith and Kulikowski, 1980) has 
shown that "X" and "Y" cells can be involved with pattern 
shape, Psychophysiological evidence of similar types of 
cells present in human retina was presented by Tolhurst
(1973) and Kulikowski and Tolhurst (1973),
The retina therefore is not a simple receptor end 
organ. It performs processing functions concerned with 
light and darkness, the borders between light and dark 
images and between stationary and moving stimuli. Finally 
it converts the analogue form of electrical excitation at 
the receptors, produced by the light stimulus, to the 
digital form in which it leaves the ganglion cells on route
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to the brain.
3,2 THE BRAIN
. On leaving the retina the axons of the ganglion cells 
acquire a myelin sheath and project to the optic chiasm 
situated at the base of the brain in the most rostral part 
of the hypothalamus. Partial decussation takes place 
within the optic chiasm, fibres from the nasal half of the 
retinae crossing to the opposite side and those from the 
temporal halves remaining uncrossed. The axons of the
retinal cells then continue behind the chiasm as two 
diverging optic tracts (Fig,3,1), The left optic tract 
conveys fibres from the left half of both retinae. Most of 
the fibres terminate in the lateral geniculate bodies but a 
small number continue to the superior colliculus and
parietal area. The latter fibres link the visual system 
with the centres that regulate the intrinsic and extrinsic 
musculature of the eye and are not concerned with conscious 
vision. The retinotectal fibres form part of an
alternative, extrageniculate, projection to the cortex.
The grey matter of the lateral geniculate body
contains six layers of cells. The fibres from the retina 
of the contralateral side end in layers 1, 4 and 6 and 
those from the ipsilateral eye terminate in layers 2, 3 and 
5, The efferent fibres of the lateral geniculate body 
constitute the optic radiation which terminates in the 
primary visual cortex (area striata). There is a point to 
point projection from the retina to the lateral geniculate 
body. The cells of the geniculate body have been shown by 
Hubei and Wiesel (1962) to have some of the characteristics
Kuffler described for retinal ganglion cells* Each cell 
has a receptive field and has either an "on" centre or an 
"off" centre, with an opposing periphery. There are 
however differences between the geniculate and retinal 
ganglion cells the most important of which is the greatly 
enhanced capacity of the periphery of a geniculate cell's 
receptive field to cancel the effects of the centre. Hubei 
and Wiesel considered this as evidence that the lateral 
geniculate cells are even more specialised than the retinal 
ganglion cells in responding to spatial differences in 
retinal illumination rather than to the illumination 
itself. The lateral geniculate body therefore has the 
function of increasing the disparity - already present in 
the retinal ganglion cells - between responses to a small, 
centred spot and to diffuse light.
The 1X 1 and 'Y' cell classification shown in the 
cat's retina also applies to the lateral geniculate 
neurones (Cleland et al, 1971). They also showed that the 
"sustained" ('X') cells retinal and lateral geniculate 
neurones had slower conducting axons than the "transient" 
('Y' cell) type.
The point to point projection continues from the
lateral geniculate body to the visual cortex where the 
fibres connect with cells in layer IV of the cortex and by 
rich interconnections to other layers. The cells
subserving the peripheral fields lie anteriorly in the 
calcarine cortex and those subserving macular vision are 
concentrated at the tip; the upper fields represented in
the lower half and the lower fields in the upper half of
the cortex.
The contralateral visual field is represented in 
three points within each occipital lobe (Fig, 3,2), The 
primary visual area (Fig,3,2) also called the striate 
cortex because of the prominent band of horizontally 
running fibres in layer V is situated around the calcarine 
fissure on the medial aspect of the hemisphere and 
corresponds to Brodmann's area 17, The macular area of the 
contralateral field lies at the pole of the lobe. The 
second and third visual area, corresponding to Brodmann's 
areas 18 and 19 respectively ('2' and *3* Fig, 3.2) are 
referred to as the prestriate cortex and concentrically 
surround area 17, Although all three visual areas receive 
fibres from the lateral geniculate body the primary visual 
area projects to area 2 and area 2 in turn to area 3, In 
this manner a single geniculate cell may connect with about 
5000 cortical cells (Sholl, 1956),
Electrical stimulation of the prestriate cortex 
(Foerster, 1929) may give rise to complex sensations of 
association of people and objects, whilst stimulation 
of any of the visual areas will make simple sensations, 
e,g, spots of light (Penfield and Ramussen, 1950), Oxygen 
availability and local blood flow recordings from implanted 
electrodes in areas 17, 18, and 19 (Cooper et al, 1966) 
showed changes of metabolic function at electrodes in these 
areas when complex and meaningful visual stimulation, e.g, 
pictures, were presented to the patient. On the other 
hand, simple stimulation, e.g, a projected square of white 
light, evoked changes of oxygen availability in the primary 
receiving area but not at the electrodes in areas 18 and 
19,
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Fig. 3.2 The visual cortex showing the primary cortex (1) and 
prestriate cortex (2 and 3).
Hubei and Wiesel's (1962) studies of the cells of the 
visual cortex, in cats and monkeys, showed that whereas the 
cells in the lateral geniculate responded to circular areas 
of light and shade, cells in area 17 were activated
maximally by bars of light or shade or edges, Furthermore 
each cortical cell responded best to a certain critical 
angle of orientation of the stimulus in the field of 
vision. The most effective orientation varied from cell to 
cell and was usually defined sharply enough so that change 
of 10 or 20 degrees markedly reduced or abolished the
response. These and other experiments suggest that the 
cortex is roughly divided into parallel slabs of tissue, 
with each slab, called an orientation column, containing 
neurones with similar orientation specificity,
A major function of the visual cortex is to combine 
the inputs of the two eyes. A neurone in the lateral 
geniculate nuclei may respond to stimulation of the left 
eye or the right eye, but no cell responds to stimulation 
of both eyes. These monocular cells project to cells in
layer IV of the visual cortex which are also monocular.
The paths of the two eyes converge at the level of other 
cells in the columns,
Hubei and Wiesel concluded that the visual cortex had 
a variety of functions. It rearranged the input from the 
lateral geniculate body in a way that made lines and 
contours the most important stimuli. The response of the 
cortical cells to the orientation of the stimulus was 
considered to be the first step in perceptual 
generalisation. They demonstrated that direction and rate 
of movement were factors requiring specification 
effectively to excite a system of simple cortical cells and
cause other cells whose function was to abstract 
information from the system, to respond.
The "sustained" and "transient" pathways described at 
the retina and lateral geniculate nucleus were shown to 
remain essentially separate through to the striate cortex 
in the cat (Cleland et al, 1971), There is growing evidence 
to support the notion that in higher mammals the principal 
visual pathways connecting the retina to the cortex 
comprise parallel pathways each containing neurones that 
have distinctive physiological properties. A review of the 
evidence is presented by Lennie (1980).
CHAPTER 4
ELECTROPHYSIOLOGY OF THE VISUAL SYSTEM
4.1 THE EYE
4.1.1 The Electro-oculogram (EOG)
Animal work in the mid nineteenth century by Du 
Bois-Raymond, Holmgon and Caton established that there is a 
potential difference between the front and back of the eye. 
It is generated at the junction between the photoreceptors 
and the pigment epithelium and is known as the retinal 
resting potential. It is about 60 millivolts amplitude, the 
receptor side being electrically positive and the choroidal 
side electrically negative. The potential difference gives 
rise to a steady electrical current which flows from the 
retina to the cornea producing an electrical field around 
the eye, the eyeball acting as an electrical dipole. The 
cornea is electrically positive with respect to the back of 
the eye and the potential difference measured in this way 
is known as the corneo-fundal standing potential. In 
static conditions of illumination it is steady, low in 
darkness and rises with increasing illumination. The 
change in potential difference recorded during darkness and 
in light reflects the photo-chemical process across the 
pigment epithelium and the photo receptors and hence the 
integrity the outermost layers of the retina.
The EOG reflects the pre-synaptic function of the 
retina and the factors determining a normal light induced 
change are: healthy receptors, healthy visual pigment in
the receptors, healthy pigment epithelium, normal
apposition and metabolic link between receptors and 
epithelium; and healthy choroid,
4,1,2 The Electroretinogram (ERG)
The first human ERG was recorded by Dewar (1877) who 
put an electrode against the eye and observed a response to 
light on a galvanometer. Introduction of a contact lens 
electrode (Riggs, 1941) opened the way for development of 
recording techniques, the pioneering work of which was due 
largely to Karpe (1945). Subsequent improvements in 
recording equipment have made reliable recording of ERG 
available to many clinical and research units. Various 
components of the ERG can now be identified and 
measurements of their amplitude and latencies made,
A flash to the retina evokes a sequence of electrical 
responses at different retinal layers, - from the photo 
receptors to the amacrine cells - before they are converted 
to nerve impulses at the ganglion cells. The main 
components of the ERG can be recorded at the surface of the 
eye and from the surrounding tissue (eg cheek). These vary 
according to the stimulus character and recording 
conditions. No one simple test demonstrates all the 
components of the ERG with clarity; a schematic diagram of 
the waveform is shown in Fig,4,1, The first component is a 
biphasic potential that occurs almost instantaneously but 
it is only evoked by an extremely high intensity flash in a 
dark adapted eye. This early receptor potential (ERP) 
discussed by Brown and Murakami (1964) is produced by the 
photo chemical reaction of the receptors. Its mode of 
generation is different from other bio-electric potentials
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Fig.4.1 Schematic diagram of ERG waveform to a flash.
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Fig.4.2 Effect of increasing luminance on the amplitude 
and latency of the peak of the 'b* wave.
(From J. Armington,1981)
since it can be evoked in an isolated anoxic eye provided 
there are orientated photo receptor outer segments and 
unblocked pigments. It is absent in total retinal 
detachment and absence of photo pigments but can be quite 
normal in long standing cases of optic nerve atrophy and 
complete central retinal artery occlusion. In the view of 
Ikeda(1982) it is of limited clinical application and is 
not an important component of clinical ERG,
The negative a-wave follows the ERP, This has latency 
of about 15 milliseconds and was previously called the P H I  
component (Granit, 1933), It appears to have two parts, Ap 
and As (Armington, Johnson and Riggs, 1952), see Fig,4,1, 
Ap is generated by the cones and As by the rods. The 
positive b-wave or PII (Granit,1933) also can be separated 
into two parts Bp and Bs, (Adrian, 1945? Johnson, 1958), 
It has long been considered to be related to activity of 
the bipolar layer (Brown, 1968) but several workers have 
proposed that it originates in the Muller cells. These are 
glial cells which generate a potential that depends upon 
the potassium concentration in the intercellular spaces 
around them. Their lateral processes branch into the 
interplexiform layers where neural activity produces 
potassium change. The b-wave is a major component of the 
ERG and reflects the post-synaptic summed neuronal 
activities of the inner nuclear layer.
The oscillatory potentials which occur during the 
early phases of the b-wave are not true oscillations but 
rather a series of discrete events arising at differing 
depths within the bipolar layers (Wachtmeister and Dowling, 
1978). Recent studies have shown that a number of
substances delay or abolish the oscillatory potentials 
without affecting the b-wave. These findings suggest that 
the. outer and inner plexiform synapses use different
transmitters. For a review of this work, the reader is 
referred to Yonemura and Kawasaki (1978), Clinically the 
oscillatory potentials have been shown to be very 
vulnerable to disturbance of retinal circulation, e.g, 
arteriovenous anastomoses and new vascularisation as in 
mild diabetic retinopathy.
The c-wave or PI (Granit 1933) is due to the extra 
cellular current arising from a hyperpolarization of the 
apical face of the pigment epithelium in response to a 
decrease in extra-cellular potassium in the region of the 
inner segment of the photo receptor layer (Oakley and 
Green, 1976). It is usually seen as a slow wave after the 
b-wave but it begins from the onset of light and underlies 
the larger early waveforms. Since it is difficult to 
define it is not reliable for clinical measurement and the 
EOG is generally preferred as an indicator of pigment 
epithelium abnormality. The horizontal cells produce
graded responses called S potentials, but they are not
included in the ERG, possibly because of their orientation. 
The effect upon the ERG of manipulation of the stimulus 
parameters will be discussed later.
The electrical behaviour of the eye to a flash of 
light can be summarised in the following manner. When the 
light strikes the eye electrical responses are evoked from 
each layer of cells of the retina. The responses of the 
photo receptors of the outer layers resemble those of photo 
cells and are smooth graded changes of potential with
amplitudes related to the strength of the stimulus. 
Between the photo receptors and the retinal ganglion cells 
the signal is conveyed by electrical and chemical coupling 
as slowly changing levels of potential (graded responses) 
not nerve impulses (spikes). The retinal ganglion cells 
convert the graded electrical responses of the outer layers 
of the retina into series of sharp spikes or nerve impulses 
the rate of firing of the ganglion cells being related to 
the strength of the stimuli.
In a clinical context the EOG reveals the 
pre-synaptic function of the retina, whilst the ERG 
includes the post-synaptic functions up to the retinal 
ganglion cells.
There is little reference in the literature to the 
ERG evoked by repetitive flashes. The work concerned with 
clinical evaluation of photopic and scotopic retinal 
function makes use of the original observations of Johnson 
and Cornsweet (1954) who showed that flashing stimuli at 
frequencies lower than 4 Hz can be used to evoke strong 
scotopic responses, whereas flicker above 20 Hz evokes a 
photopic response. Since the cones have a higher temporal 
resolution than the rods, the critical fusion frequency of 
the ERG (ERG-CFF) can be used to assess cone function. The 
ERG-CFF is the frequency at which the b-wave begins to fuse 
with the baseline noise.
4,1,3 Stimulus Parameters :- Effects upon the ERG,
The ERG evoked by a variety of stimuli has been 
studied with the aim of differentially emphasising its 
different characteristics, A comprehensive review is
presented by Armington (1974) and a brief summary of some 
of the factors relevant to the present study will be given 
here.
The effect of increasing the luminance is to increase 
the amplitude of the response and to shorten the latency, 
Fig.4,2, The curve (A) is typical of a stimulus which does 
not fill the full field of a dark adapted eye, whilst (B) 
is the response to full field stimulation. Much of the
variability of the ERG is due to the different
contributions of the photopic and scotopic systems to a 
given stimulus. The ERG, (solid line) in Fig.4.3, can be 
evoked by stimulating the dark adapted eye with a bright 
flash. It may be resolved into two hypothetical 
constituents according to Armington et al (1952), the 
photopic (dashed line) and scotopic (dotted line) ERGs. In 
practice the two components approximately summate in an 
algebraic manner, (Armington, 1980) but they cannot be 
divided on the basis of waveforms alone.
Not all the light entering the eye is successfully 
imaged, some is scattered and some of the image is 
reflected to other receptors. The scattered light falling 
outside the image is a significant stimulus and makes a 
significant contribution to the ERG (Asher, 1951? Boynton 
and Riggs, 1951). When stray light effects are controlled, 
increasing the size of the stimulus increases the number of 
receptors stimulated and the amplitude of the 'b' wave
increases proportionately. (Armington, 1977), The brief,
very bright flashes used in this study stimulate the whole 
of the retina because of stray light.
Stimulus duration (Biersdorf, 1958) and spectral
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content of the stimulus also play important roles in 
determining the ERG waveform. These effects will not be 
discussed since they are not used in this study,
4,2 THE BRAIN
4.2,1, The Visual Evoked Potential (VEP)
Introduction
Berger (1929) , noted that a visual stimulus altered 
the resting alpha rhythm. Kornmuller (1932) and Fischer 
(1932 and 1934) demonstrated distinct "on" and "off" action 
potentials in different parts of the visual system by 
discrete flashes of light. Wang (1934), showed that 
repetitive flashes induced similar action potentials. 
Adrian and Matthews (1934) first described scalp potentials 
evoked by repetitive flashes of light.
The rotating disc used in the early equipment has now 
been replaced by a Xenon gas discharge tube generating 
intense blue-white flashes of 10-50 microseconds duration 
over a 1-100 Hz frequency range. The responses evoked by 
this form of stimulation are often large enough to be seen 
above the background EEG activity. Cobb (1950) and others 
later examined the form and latency of the responses evoked 
by different forms of visual stimuli, e.g. flash, 
presented singly and repetitively, flash pattern, pattern 
onset, pattern offset and pattern reversal, using averaging 
techniques which provide ease of measurement by improving 
the signal to noise ratio (section 6.3),
Two classes of stimuli are used to evoke VEPs 
unpatterned flashing lights and patterned stimuli. The 
unpatterned flash is usually presented from a photic
stimulator while the patterned stimulus can be presented in 
three different ways. The first, a flashing patterned 
stimulus produced by placing a photo stimulator behind a 
large photographic transparency of black and white checks 
(Harter and White, 1968), However, Regan (1972) and 
Spekreijse et al (1973) pointed out that a flashing pattern 
stimulus contains two parameters which change 
simultaneously, luminance and pattern,
A pattern stimulus uncontaminated by changes of 
luminance can be accomplished in two ways, pattern 
onset-offset and pattern reversal* In pattern onset-offset 
the checks appear for a discrete period of time, e.g. 500 
msecs. To avoid luminance changes the pattern replaces an 
unpatterned diffuse field of the same size with the same 
average luminance that remains on for the same period of 
time. In pattern reversal the checks are always displayed. 
This can be done electronically by using a T.V, monitor 
(Arden et al, 1977), or mechanically using a projector and 
a rotating mirror which causes the checks to move sideways 
one check (Halliday et al, 1972), The pattern itself may 
take different forms and the field size, luminance etc may 
be varied.
Luminance stimulation by means of sinusoidal 
modulation of light about a mean level has been used mainly 
for experimental studies. It is probably the best method 
of providing repetitive stimuli of changing luminance type. 
The mean luminance and percentage change can be varied 
independently and the stimulus repetition frequency can be 
varied without changing the mean stimulus luminance. The 
reader is referred to Regan (1972) for further disussion of
this form of stimulation.
4,2,2 VEP to Flash (FVEP)
In some people the response to single unstructured 
flashes is large enough to be seen in the primary EEG, The 
major component, according to Cobb and Dawson (1960), 
occurs at 70-90 milliseconds after the flash and is 
electro-positive and maximum amplitude in the occipital 
region.
Flashes of longer duration than 25 msecs duration 
evoke a combination of "on" and "off" responses. These 
have similar polarities but different waveforms (Clynes et 
al, 1964), The "off" response can be identified to flashes 
of 25 msecs duration (Efron, 1964) but flashes briefer than 
this - the Xenon flash discharge tube for example,evokes 
only "on" responses.
The complexity of the problem of identification and 
origin of the various components of the FVEP recorded at 
the scalp can be assessed from the comprehensive study of 
Allison et al (1977), in which the identity and topography 
of 22 components were analysed. Of these, 6 were regarded 
as retinal potentials, 1 as myogenic and the rest as 
neurogenic. The stability of the cortical FVEP recorded at 
the scalp in any one individual is relatively good, 
Contamin and Cathala (1961) Dustman and Beck (1963) Kooi 
and Bagchi (1964b) and other authors showed latency 
variability of about -/+ 15%, Ciganek (1975) considered 
the trial to trial variation of the FVEP to be partly due 
to the variation of the background EEG activity since there 
is no significant reduction in the variance of this
activity until about 80 msecs after the flash.
It would be appropriate at this point to describe the 
nomenclature of the major components of the visual evoked 
response. The nomenclature used to identify the various 
components varies considerably and this is summarised by 
Harding (1974) from which Fig,4,4 has been obtained, 
Harding and other authors recommend a system which 
indicates the polarity of the component, i,e, positive (P) 
or negative (N) going and number the waves sequentially. 
Since the latencies of the components of the response, can 
change considerably in relation to parameters of stimulus 
and experimental procedures, it can sometimes be confusing ' 
to identify the component by its latency, particularly when 
the object of the experiment includes examination of 
notable changes of latency. Nevertheless, the combined 
polarity and latency nomenclature is probably the most 
widely used, eg P100, The nomenclature used by Harding
(1974) is used in this thesis with reference to other 
systems when appropriate.
The morphology of the FVEP is dependent upon a number 
of factors, which can be grouped into subject variables and 
experimental variables. The subject variables are pupil 
size, age and sex. Light flux incident upon the retina 
depends on the diameter of the pupil in addition to the 
luminance of the stimulus. The diameter of the pupil 
varies considerably according to differing adaptation 
levels, approximately 2 millimetre at 10,000 candelas per 
square metre (nits) to 7,7 millimetre in total darkness 
(Walsh, 1953), The pupil diameter may be varied in a 
number of ways but its effect upon the FVEP remains unclear
and many workers take no steps to control for pupil size. 
Kooi and Bagchi (1964a) measured pupil sizes of their 
subjects before and after stimulation and found no 
significant correlation with amplitudes and latencies of 
any of the components of the FVEP, Richey et al (1966) did 
not control for pupil size but they measured the pupils and 
found significantly smaller pupils in their migraine 
subjects than in the control subjects.
The young and the old show differences of morphology 
of the FVEP, Ellingson (1960) showed responses evoked by 
flashes in infants a few hours after birth which decreased 
in latency over the first three months. Children between 
the ages of 5 and 8 years show a large response which 
diminishes in amplitude until 13 or 14 years when there is 
an abrupt increase in amplitude which then stabilizes at 
about 16 years (Dustman and Beck, 1969), These authors do 
not report any significant differences in three age groups 
between 17 and 55 years and other authors have assumed that 
they found none. However, Student 't1 tests on the data 
they tabulate (tables II and III of their paper) show 
significant differences of amplitude and latency of some 
components , The amplitude of the PI and N2 components are 
greater in the 30-55 year olds than the 17-19 year olds (p 
< 0,001), and the latencies of the N2 and P2 components are 
significantly longer in the older group (p < 0,001). In 
later years (mean age 67 years), the early components, 
within about 100 msec of the stimulus, show increases in 
amplitude and latency. According to Harding (1974), the 
amplitude of PI often exceeds the amplitude of P2 in the 
elderly. Since the subjects for this thesis were between
the ages of 15 and 55 years, the maturational studies on 
children and infants will not be considered.
The relationship of the FVEP and sex difference has 
been considered by a number of workers (Rodin et al, 1965; 
Beaumont and Mayes, 1977; Buchsbaum et al, 1974; Shagass 
and Schwartz, 1965), Small differences have been shown, 
the amplitude of the responses in the female, tending to 
be larger than in males but this may be due to physical 
properties of the head, skull thickness for example, rather 
than brain structure.
The stimulus variables that modify the FVEP include 
wavelength, duration, illuminance, field location and area 
stimulated. Some of these will be considered separately in 
section 4,2,8,
In clinical practice a flash stimulus is preferred 
for examining the integrity of the visual system in 
patients with poor visual acuity and in patients or babies 
who are unwilling or unable to fixate (Harden and
Pampiglione, 1970), The FVEP can be abnormal whilst the 
VEP to pattern reversal stimulation (section 4,2.6) may be 
normal, as in dementia (Harding et al, 1981), for example. 
The FVEP is generally regarded as a cortical
response, however, its early components have been shown to 
be topographically different to the later ones, and to the 
ERG, P23-N28-P34 components recorded in 86% of the
subjects studied by Harding and Rubinstein (1980) were 
shown to be maximal at an electrode site slightly posterior 
to the Rolandic/Sylvian fissure. Maximal stimulation 
caused bilateral reduction of its amplitude indicating that 
the wave is independent of the retina and optic nerve and
must be arising from a post chiasmal site. They called 
this response the visual evoked sub-cortical response 
(VESP),
4,2,3 FVEP in Migraine
There are few studies of the FVEP in migraine 
subjects in the literature. The differences of the 
responses to flicker in migraine subjects compared to 
controls (Golla and Winter,1959) prompted the first study 
of the FVEP in migraine subjects (Richey et al, 1966), 
They analysed responses recorded at the frontal, central 
and occipital regions, referred to linked ears, to single 
flashes from a photic stimulator in 50 migraine subjects 
without reference to type. The studies were made in 
headache free periods and showed the N65 component to be 
significantly (p < 0,01) shorter in latency in the migraine 
subjects than in the controls, whilst the N90 component was 
longer (p < 0,002), The average amplitude of the P100
component recorded at the occiput was found to be smaller 
in migraine subjects,
Lehtonen (1974) studying migraine subjects in the 
headache free period did not confirm the findings of Richey 
et al and showed the P3 (170-260 msec) to be greater in 
amplitude in migraine subjects, MacLean et al (1975) from 
visual inspection of FVEPs recorded in the parietal and 
occipital areas of both hemispheres described suppression 
of the components PI (50-75 msecs), N1 (69-90 msecs) and P2 
(80-100 msecs) in the hemisphere contralateral to the 
visual field defect. The asymmetries were shown in all of 
the four classic migraine subjects during the visual aura
and 2 of them also showed asymmetry of the responses in the 
headache free periods. The responses obtained from four 
common migraine subjects in the same study showed 
symmetrical responses in the hemispheres.
Connolly et al (1982) found a number of FVEP 
abnormalities in migraine subjects during the headache free 
period but it should be noted that they used a flash 
stimulus with unusual parameters. The luminance of the
brightest flashes used was very low compared with the Xenon 
flash tube and the duration of flashes was 500 milliseconds 
as against the 10-20 microseconds of the Xenon flash tube. 
The responses were recorded at C2, T3 and T4, referred to 
linked ears and differences of amplitudes and latencies 
were found in the migraine group compared with the 
controls. This was shown to be primarily due to increases 
in amplitude and latency of the N120 component in the
migraine subjects. The P100 was smaller in the migraine 
group; those patients with right sided headache showed
larger P100-N120 amplitudes (p = 0.05) and larger P100 
amplitudes (p = 0,04) at the left temporal site compared to 
the bilateral headache group. The authors suggested that
these asymmetries may reflect a secondary phenomenon to 
repeated right sided headaches affecting structures in the 
left hemisphere. It is of interest in relation to other 
studies that the greatest differences of latency of the 
N120 between the migraine and control subjects were evoked 
to the brightest flashes presented (2.8 candelas per square 
metre). The response latency to the dimmest flashes showed 
little difference between the migraine and control 
subjects.
In summary, the few studies made of the FVEP in
migraine show inconsistent findings. The different
stimulus parameters, recording and reference sites used by 
different experimenters probably , contribute to this 
inconsistency. There is, however, evidence that single
flash stimulation of the visual system of people with
migraine evokes different responses than control subjects.
4,2,4 VEP to Repetitive Flashes (RFVEP)
It should be mentioned in passing that there is a 
risk of provoking epileptiform patterns and actual attacks 
in some people with flicker stimulation. No such
disturbances occured in the subjects for this thesis.
Repetitive photic stimulation usually evokes rhythmic 
responses which are time locked to the stimulus and are 
recorded maximally over the posterior regions of the head. 
The terms "photic driving" and "photic following" are 
commonly used to describe them. They are also referred to 
as steady state responses (Regan, 1972),
Photic driving responses can be seen in the primary 
EEG records of most subjects, Hughes (1960) by visual
inspection of the records failed to observe responses in 
33% of 1,326 subjects. He also noted that 45% of subjects 
with spontaneous beta activity showed good photic driving, 
against 29% of the total group, Jeavons (1969) in a report 
on the 1965 study of Butcher and Chase quotes no visible 
responses in 27% of subjects to low intensity flicker.
The adult response is usually of maximum amplitude 
when the repetition rate is in the alpha frequency band. 
Toman (1941) established that the distribution of the
photic driving response was different to that of the alpha 
rhythm and this has been confirmed by subsequent workers. 
The evoked response often combines with the alpha rhythm 
apparently augmenting it, but the spontaneous and evoked 
rhythms retain separate identities (Regan 1972), Photic 
driving is regarded as a normal response and it is usually 
symmetrically distributed. In a clinical context an 
asymmetry greater than 50% is regarded as abnormal 
(Jeavons, 1969) and the hemisphere showing suppression of 
the response can be associated with cerebral pathology.
The upper frequency limit for responses at the same 
frequency as the stimuli varies between individual 
subjects, Jasper (1937) identified photic driving at 
55-60Hz and with the aid of modern analytical techniques 
responses as high as 100 Hz can be identified.(Celesia and 
Daly, 1977a; Van der Tweel and Verduyn Lunel, 1965; 
Regan, 1968; Spekreijse, 1966),
Animal studies (Walker et al, 1944) have shown that 
photic driving may be evoked to higher stimulus frequencies 
in the lateral geniculate body than in the visual cortex. 
The highest frequency at which photic driving, at the same 
frequency as the stimulus, can be evoked in man was called 
the critical frequency of photic driving (CFPD) by Celesia 
and Daly (1977b), They considered it to be the electrical 
counterpart of the subjective critical flicker fusion 
(CFF), The CFPD was shown to be inversely correlated with 
age, the mean values between the ages of 20 and 30 years 
being 72 Hz, between 30 and 60 years 68 Hz and above 60 
years, 60 Hz,
Higher harmonics of the stimulation frequency can
often be identified in the rhythmic responses, causing 
complex waveforms; occasionally sub-harmonic responses can 
be recorded. These harmonics may be seen in the recordings 
of subjects of all ages.
Van der Tweel and Verduyn Lunel (1965) considered 
that the harmonic content of the responses to brief flashes 
may be due to the presence of harmonics in the stimulus 
itself. They and others (Spekreijse, 1966; Regan, 1968) 
used flicker produced by sinusoidally modulated light to 
examine the VER, tyore recently frequency analysis has 
provided a convenient means of confirming the early 
observations of harmonically related responses and many 
papers provide confirmative evidence.
Two steady state response frequency ranges to 
unpatterned flicker were identified by Spekreijse (1966), 
He presented this as evidence of subsystems of the human 
visual system and described the following ;
1, a system with long latencies (approximately 200 msec) 
that contributes mainly to low frequency occipital 
responses (less than 20 Hz)
2, a system with short latencies (approximately 55 msec) 
that is responsible for the evoked potentials with high 
freqencies (more than 20 Hz)
3, a colour dependent system that possibly is connected 
with either one or both of the above mentioned systems
4, a system that is especially related to temporal 
changes in the contrast between adjacent retinal areas,
Regan (1968) describes a medium frequency range (12 
to 25 Hz) subsystem which is more colour dependent than the 
low or high frequency subsystems. Its topographical
distribution is reported to be different from the low 
frequency one.
The amplitudes in each of the three frequency regions 
may show resonant like peaks and have different apparent 
latencies, Regan (1975) using the differential behaviour 
in multiple sclerosis, where the medium frequency range 
responses show delayed latencies (Milner et al, 1974), 
argues that they may well have different anatomical 
pathways.
In the steady state situation the response to each 
stimulus overlaps the preceding one and measurements of 
amplitudes and latencies of components of the response can 
be confusing and various methods have been described to 
overcome the problem (Van der Tweel and Verduyn Lunel, 
1965? Spekreijse, 1966; Regan, 1972; Diamond (1977),
4,2,5 RFVEP in Migraine
The observation by the author that high frequency 
following occurred in patients with a history of severe 
headache prompted the original investigation (Golla and 
Winter, 1959),
Subjects were exposed to flicker from a Xenon flash 
tube giving blue-white flashes of 15 microsecond duration 
(peak intensity about 88,000 candles) in a darkened room. 
The presentation of the stimuli was continuous increasing 
in 10 second epochs from 6 to 24 flashes per second in 
steps of 2 flashes per second. On-line frequency analysis 
was made of the eyes closed activity recorded from a 
bipolar, temporo-occipital derivation on the hemisphere 
that showed the highest amplitude response. The analysis,
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Fig. 6.5 32 response curves superimposed. 16 migraine (full lines)
and 16 control (broken lines) subjects. Note the seperation of broken 
from full lines at about 16c/s.
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Fig.6.6 Three distinct types of response curves. The normal *N* 
migrainous 1H* and a 3rd type 'A'.
performed by a Walter Mark 2 wave analyser, was written as 
10 second histograms on the EEG record,
115 patients complaining of episodic headache with 
one or more of the following symptoms, (1) nausea with or 
without vomiting, (2) visual disturbance, (3) paraesthesia, 
and 50 subjects with no complaint of headache were 
examined. Graphs of "abundance" of response versus 
frequency of stimulus were plotted with the amplitudes 
normalised to the maximum response evoked in the alpha 
frequency band (Fig,4,5),
Three distinct types of curves were identified (see 
Fig,4,6) Firstly, the 'N' type in which the response falls 
away above 14 f/s; this type was shown by the control 
subjects. Secondly the 'H' type in which the response was
<5
maintained up to at least 18 f/s? this type was shown by 
the subjects with a history of migrainous headaches. 
Thirdly, the 'A' type in which the response fell away at 
about 14 f/s and peaked again at about 20 f/s; this type 
was shown by a small sub-group of the control subjects.
To avoid plotting graphs for each subject to decide 
to which group a response belonged, a comparison of ratios, 
that were obtained from of the frequency histograms was 
devised. They were as follows
1, The response at 18 f/s (s) greater than 1/3 of the 
peak (r) signified an 'A' or 'H' and excluded the 'N' 
response,
2, The response at the trough (t) greater than 1/2 that
at 18 f/s signified an 'H' and excluded the 'A' response.
Using these criteria, 96% of the subjects with a 
history of migrainous headaches showed an 'H' response
against 16% of the control subjects. The 'H' response 
curve was shown not to change significantly in headache and 
headache free periods or during conventional migraine 
medication,
Smyth and Winter (1964) examined a further population 
selected from 1198 patients between the ages of 15 and 45 
years using the same technique. Criteria for migraine were 
similar to that used by Dow and Whitty (1947) using 
paroxysmal recurrent headache without demonstrable 
structural intracranial lesion accompanied by three of the 
five following clinical features :
(1) family history of similar headache?
(2) relief of headache by ergotomine?
(3) hemicranial distribution at some stage?
(4) association with nausea or vomiting?
(5) preceding symptoms of teichopsia, scotoma, 
hemianopia, paraesthesia, monoplegic or hemiplegic weakness 
or dysphasia,
95% of 202 migraine patients showed the 'H1 response, 
against 14% of 66 normal controls. It was also obtained in 
66% of 97 patients who had suffered head injuries.
Steady state responses in migraine subjects were 
examined by Townsend (1966), using an averaging technique. 
He found evidence in support of the 'H* response in 
migraine subjects, Slatter (1968), using the same type of 
wave analyser as that used by Winter showed photic 
following responses over a high frequency range greater 
than 20 f/s in 86% of their migraine subjects, Lehtonen 
(1974) used an averaging technique to show that migraine 
subjects showed significantly higher amplitude responses to
22 f/s than controls. His patients comprised 19 common and 
14 classic migraine sufferers. In a study of 11 patients 
suffering from menstrual migraine, Lehtonen et al (1979) 
showed higher responses to 22 f/s in the migraine subjects 
than the control subjects,
Simon et al (1982) using repetitive flashes over the 
range of 10-40 f/s, analysed the responses recorded from 
the occipital and parietal areas of the dominant hemisphere 
of 11 common or classical migraine patients and 11 
controls. They selected 5 predictors from the power 
spectra analysis to use as elements of a discriminator; the 
increased response at 24 f/s, 34 f/s and 38 f/s and the 
increased power in the alpha band in both the parietal and 
occipital leads at 20 f/s. They identified all the 
migraine subjects on this criteria and misclassified only 
one control subject and they considered their data to 
support the 'H' response evidence.
Repetitive stimulation produced by sine wave
modulated light (30%) above and below 400 candelas per
metre squared constant mean luminance was used by Nyrke 
and Lang (1982) to evoke responses in 30 common migraine 
patients and 23 controls. Power spectral analysis of the 
responses evoked by 10,14,16,18,20 and 22 Hz stimulation 
showed significantly increased power of the responses at 
the fundamental frequency of the stimulus in the migraine 
subjects. They also showed that the second harmonic
response at rates of 16-22 Hz in migraine subjects was
smaller than in controls. They argued that this evidence 
showed selective disturbance of two of the three 
sub-systems proposed by Regan (1972) and Spekreijse (1966):
the medium frequency sub-system being exaggerated and the 
high frequency sub-system attenuated in migraine. Their 
evidence concerning the high frequency sub-system was based 
on the second harmonic response behaviour only since the 
maximum stimulus frequency, hence highest fundamental 
component was only 22 Hz, well below the minimum frequency 
of the high frequency sub-system,
Regan and Heron (1969) used a technique to stimulate 
the left and right half fields of one eye simultaneously 
with modulated light at two frequencies with a 3% frequency 
difference. This they claimed was too little difference to 
affect the VEP systems but was sufficiently different to 
enable the analysing equipment to separate the responses. 
Of 5 migraine subjects studied beween attacks, 3 showed
asymmetries of greater than 50%, The control subjects 
failed to show such asymmetry.
An interesting study by Cernibori and Rovetta (1969) 
claims evidence of the 'H* response (by visual assessment) 
in 16 of 50 normal volunteers. These 16 subjects were given 
1 mg of Reserpine intravenously to try to induce a migraine 
attack, A positive reaction was shown in 10 of the 16 
subjects. The 10 subjects were considered migraine prone
and the findings were interpreted as confirmation of the 
diagnostic value of the *H' response. In the same study a 
relationship between alpha frequency and the 'H' response 
was described. Subjects showing the 'H' response were
reported to have higher frequency alpha rhythms than those
who did not.
In summary there is considerable evidence to support 
the original findings of Golla and Winter that the steady
state responses evoked in migraine subjects during the 
headache free period are different to those in non-migraine 
subjects. The responses shown in the migraine subjects do 
not depend upon the type of stimulus since they can be 
evoked by stroboscopic flashes and by sine wave modulated 
light.
There are no reports in the literature of studies on 
substantial numbers of patients specifically during 
migraine attacks, Regan and Heron (1969) examined three 
patients during classical migraine attacks using the 
simultaneous left and right half field monocular 
stimulation technique. They demonstrated changes in the 
ratio of the amplitudes of the VEPs to left and right half 
field stimulation. This is an expected observation since 
the spontaneous EEG frequently shows disturbed symmetry 
during classical migraine attacks.
The original criteria of the "H" response and the 
work cited in this section were based on the responses of 
adults, Bille (1962), used a rating method to examine the 
responses to flicker in children. In 92% of 73 children 
suffering from migraine there was some degree of driving 
compared with 77% of control children, Friedman and 
Pampiglione (1974), studied 160 children with migraine and 
found 46% of them to have an extended flicker response (on 
visual inspection),
4,2,6 VEP to Pattern Reversal (PRVEP)
Checkerboard pattern reversal was used as a contrast 
luminance stimulus by Spekreijse (1966); Cobb et al (1967) 
and many other workers since then. Due to the constant
total flux entering the eye, the stray light impinging on 
parts of the retina, not occupied by the test pattern, 
tends to be constant. The latency of the major occipital 
positive component (P100) of the PRVEP is less variable 
than the FVEP, The wave form of the PRVEP corresponds 
closely with the pattern offset response (Estevez and 
Spekreijse, 1974; Kriss and Halliday, 1980),
There are several methods of producing pattern
reversal stimuli. The early systems, many of which are
still in use, are mechanical using the rotation of a mirror 
to accomplish the pattern reversal. The reflected image is 
back-projected onto a translucent screen and the pattern 
shift of the width of one square is achieved in 5-20
milliseconds. More recent commercial systems utilise 
television (TV), and light emitting diodes (LED) to produce 
"pattern alternation" in which reversal of light and dark 
squares are achieved electronically.
The responses evoked by LED and TV pattern reversal 
differ slightly from each other in both latency and
amplitude, and the intertrial variability of the P100 
latency has been shown to be greater when evoked by TV than 
LED systems (Stockard, 1981), In the TV stimulator the 
pattern reversal has to be built up over the time taken to 
completely scan one frame, thereby introducing a delay. 
Furthermore, as Kriss (1982) points out, the instant of 
commencing the reversed pattern is allowed to occur 
randomly at any point in the frame in order to "average 
out" mains interference, A latency jitter is therefore 
introduced which increases the intratrial variance, 
broadens the peak of the P100 component and causes a mean
amplitude reduction of about 25% (Stockard, 1981; Galvin et 
al, 1980; van Lith et al, 1978; Lowitzsch et al, 1980),
The spatial distribution of the PRVEP to full and 
half field stimulation has been studied intensely by 
Halliday et al (1979), They decided that common reference 
derivations produced the best topological data. They 
showed that the ear lobe, commonly used as a reference 
point for FVEP studies, was within the spatial field of the 
PRVEP and that the Fz site offered the best reference 
point. In the 5 channel montage they chose to use as a 
result of their studies the occipital electrodes are placed 
at 5 cm, above the inion and at 5 cm, and 10 cms, to the 
left and to the right of it.
The amplitudes and waveforms of the responses 
obtained to full field stimulation of each eye in the same 
healthy individual are very similar, so that one eye can be 
used as a control for the other but there is considerable 
variation of amplitude between individuals. The major 
components of the response form a NPN complex with 
latencies of approximately 75, 100, and 145 msecs
respectively, Blumhardt and Halliday (1982), The actual 
values vary depending upon a number of factors such as 
stimulus parameters.
The PRVEP to half field stimulation was shown to be 
asymmetrically distributed across the posterior regions of 
the scalp (Barrett et al, 1976), They also showed that 
contrary to the expected contralateral lateralisation, the 
response was maximal at the midline and at the electrodes 
ipsilateral to the stimulated half field. The major N75, 
P100 and N145 components no longer had the marked midline
localisation of the full field response and decremented 
less abruptly towards the lateral electrodes. Their 
explanation of this finding was that the cortical generator 
areas for pattern stimulus are largely situated on the 
medial and posteror-medial surface of the visual cortex 
where the neurones are orientated transversely. They 
considered that the electrodes over the hemisphere 
ipsilateral to the field stimulated were optimally placed 
to record from these generator areas.
Evidence from studies on patients who have had whole 
hemispheres removed show that the components undoubtably 
originate in the hemisphere contralateral to the stimulated 
half field, (Blumhardt and Halliday, 1979, 1981; Blumhardt 
et al, 1982), The full field response approximates to a 
summation of the two half field responses (Blumhardt et al 
1977), The half field responses were similarly shown to 
approximate to the summation of the upper and lower 
quadrants (Blumhardt and Halliday, 1979),
Lehmann and his colleagues (Lehmann et al, 1982; 
Lehmann and Skrandies, 1979) used computer models to 
examine the spatial distributions of the PRVEP and their 
findings did not entirely agree with those of Halliday and 
his team. However, much of Lehmann's work is based upon the 
assumption that the head and brain acts as a uniform volume 
conductor, an incorrect assumption (Cooper et al 1965),
Differences in the mean latency of the PRVEP between 
the sexes was described by Stockard et al (1979), Using a 
TV stimulator on a group of 50 healthy women and 50 healthy 
age matched men he showed the P100 response latency to be 
2,69 msecs shorter in the women (p = 0,03), Halliday et al
(1982) showed differences of 3,5 to 3,9 msecs (p < 0,001)
the females being the shorter and demonstrated the mean
P100 amplitude to be 4 to 5 microvolts greater for the
females than for the males. The literature shows general 
agreement that the P100 latency does not vary significantly 
with age in the range from 15 years to about 55 years. The 
upper limit of this stable range varies from study to 
study, Allison et al (1979) quotes 50 years, Faust et al
(1978) quotes 65 years and other workers quote ages between 
these. The one exception, Celesia and Daly (1977a) 
describes a linear increase in mean latency with age of 
approximately 0,18 msecs per annum over the age range from 
15 to 70 years,
Stockard et al (1979) considered the sexes separately 
for age effects and found no significant differences of 
latency of the P100 for subjects between the ages of 20 and
55 years, Halliday et al (1982) showed similar results and
found that increase in latency after the age of 50 years 
was only significant in females,
4,2,7 PRVEPs in Migraine
A search of the literature has revealed just two
studies of the PRVEPs in migraine subjects. Regan and
Heron (1969) used a specially designed stimulator (Regan 
and Cartwright, 1970), which provided checkerboard pattern 
reversal, simultaneously to both half fields. The 
responses to each half field were identified by a specially 
designed analysing system. Of 5 migraine subjects examined 
with this equipment, 3 showed amplitude asymmetries of the 
responses of each hemisphere when compared with the other
of greater than 50%, Normal control subjects showed less 
than 50% asymmetry, A change in the ratio of the responses 
evoked by monocular stimulation of the half fields was 
shown to occur during the classical migraine attack itself, 
Kennard et al (1978) used a conventional checkerboard 
pattern reversal system which subtended a total of 24
degrees of visual angle with each square subtending 34
minutes at the eye, PRVEPs were recorded from electrodes
sited 5 cm above the inion and 5 cm to the left and to the
right of the mid-line, with reference to an electrode 25 
cms anterior to the inion. The responses to binocular and 
monocular stimulation of the migraine subjects were 
compared to those of a group of normal controls. The main 
components were, PI (a small positive wave), N1 (latency 
68-83 msecs), P2 (latency 88-111 msecs) and N2 (latency 
111-151 msecs), They showed the mean latency of the P2 
component in the migraine subjects to be prolonged by 5-6 
msecs. They also found that the amplitude of the P2 wave 
recorded on the left side was greater in the group of 
migraine subjects with left sided headaches. They found 
that the latencies of P2 evoked by monocular stimulation 
were greater than those evoked by binocular stimulation, 
particularly in the migraine group. They thought that the 
increased latencies could be attributed either to ischaemic 
damage or to synaptic delay due to neurotransmitter 
abnormality,
4,2,8 Stimulus Parameters and Experimental
Conditions:- the effects on the VEP 
Armington (1964) showed that as the stimulus
intensity increased the amplitude of the peak to trough 
measure of the response increased slowly at first, levelled 
off (saturation) at higher intensities and decreased 
slightly at even higher intensities. Many workers have 
since shown similar findings for example (Ciganek, 1975), 
The maximum peak to peak amplitude of the early response 
with the eyes closed is generally larger than when the eyes 
are open. This may be due to the lower pre-stimulus 
intensity level providing a greater difference to the 
saturation level of the retinal receptors,
Cobb and Dawson (1960) demonstrated a relationship 
between stimulus intensity and FVEP latency. They showed 
that the latencies of components occurring within 100 msecs 
of the flash increased with decreasing stimulus intensity. 
There is general agreement that this relationship holds 
(Efron, 1963; Diamond, 1964; Vaughan and Hull, 1965) and 
applies also to components peaking up to 600 msecs after 
the stimulus, (Shipley et al, 1966; Wicke et al, 1964), 
The evidence of Vaughan and Hull (1965) in which a plot of 
P100 latency versus diminishing intensity showed a steady 
increase in latency down to 6 log units attenuation of 
intensity followed by a discontinuity in the curve, led 
them to conclude that the VER to dim flashes was generated 
by a disrete long latency scotopic mechanism. Data 
collected by Mushin (1974) showed an increase in latency of 
approximately 16 msecs per log unit diminution of 
br ightness,
Change of mean luminance of the stimulus has a 
similar effect upon the PRVEP as it does upon the FVEP, An 
increase in latency of the P100 of about 15 msecs and a
reduction in amplitude of 18 percent per log unit 
diminution of the brightness of the checkerboard was shown 
by Halliday et al (1973), Similar logarithmic relationships 
were found for TV and LED evoked PRVEPs; 10-15 msec average 
increases in latency of the P100 component per log unit 
reduction in luminosity, (Stockard, 1981),
The effects of background lighting interact with 
those due to stimulus intensity. In conditions of dark 
adaptation (scotopic state) the FVEP components differ from 
those evoked by the same stimulus in photopic conditions. 
In scotopic states a new positive wave with peak latency 
270 msecs appears (Gastaut et al, 1966), Bright flashes 
presented to the dark adapted subject evoked a standard 
FVEP; with decreasing intensity the responses became 
unidentifiable; at lower intensities a reproducible late 
negative wave appeared at about 250 msecs. The change from 
photopic to scotopic FVEP is distinct, not continuous, the 
fully developed scotopic rod FVEP being represented by the 
simple N250 component.
Increasing the stimulus size over a given retinal 
area causes a small increase in VER amplitude, but the 
relationship is not linear or marked. Various radii discs 
and annuli have been used by experimenters to present brief 
flashes and sine wave modulated light to compare VEPs from 
stimulation of various areas of the retina (Rietveld, 1963; 
1966; Rietveld et al, 1965; Regan, 1966), Whilst
reservations with regard to the effects of light scattering 
at the retina are appropriate there is ample evidence that 
the major contribution to the VEP is from central foveal
stimulation.
This also applies to the patterned reversal response. 
Numerous workers have shown that the main contribution to 
the response comes from within the central 5 degrees of the 
retina (Rietveld et al, 1967; Blumhardt et al, 1978a; 
Harter, 1971; for example). The check size also affects the 
response since as the check size increases the number of 
checks falling on the fovea decreases (Rietveld, 1967; 
Harter and White 1968; Eason et al, 1970), Regan (1972) 
points out that this introduces an ambiguity to the 
interpretation of all the studies of check size on VEP,
The contribution of check size to the sensitivity of 
the P100 to refractive errors is significant. The 
amplitude of the P100 is reduced by poor acuity when evoked 
by checks of 50 minutes subtence but its latency is 
relatively unaffected (Halliday et al, 1982), However, the 
P100 latency to small checks (e,g, 12 minutes) particularly 
to foveal stimulation is significantly lengthened by 
refractive errors (Halliday et al, 1982).
CHAPTER 5
RECORDING TECHNIQUES
5.1 INTRODUCTION
The complexity and widespread distribution of 
electrical potentials over the scalp can make the recording 
and localisation of the various sources difficult. This is 
true both of the spontaneous EEG activity and of evoked 
responses. Several channels are used simultaneously to 
record from many electrodes on the head; each channel 
amplifies the difference of potential between its two input 
leads that are connected to the electrodes,
5.2 ELECTRODES
Electrodes convey the electrical signals from tissue 
to the input *of the recording amplifier. Good electrodes 
transfer the signals without distortion; poor electrodes 
(usually due to choice of unsuitable metals, see Cooper et 
al, 1980) or poor maintenance can lead to distortion of the 
signal which cannot be corrected later. For general 
clinical EEG purposes the silver/silver chloride (Ag/AgCl) 
non-polarisable disc electrode is perfectly adequate. It 
is stuck to the skin by some means and a conducting gel is 
inserted through a small hole in its centre to make a low 
impedance contact of about 2 Kohms with the skin, as 
measured with an AC meter. An Ag/AgCl electrode, designed 
by the author, for recording event related potentials (slow 
potentials) makes use of a saline jelly bridge between the 
tissue and the metal and in order to reduce artefact 
generation has no dissimilar metal junctions that can be
affected by the saline. This type of electrode which has 
become known as the "Burden" type or slow potential 
electrode is less sensitive to movement. It is preferred
to the conventional disc type for prolonged recordings,
A contact lens electrode is often used to record the 
ERG with reference to a silver/silver chloride disc 
electrode on the forehead. Typically the electrode metal 
does not touch the cornea a thin film of tears or contact 
lens fluid behaves as an electrical conductor. Application 
of the corneal electrode requires the skill and 
co-operation of an experience ophthalmologist and involves 
the use of a local anaesthetic, as well as carrying a risk 
of accidental scratching of the cornea.
These problems have led to a search for a technique 
which is more convenient to use and which carries less risk 
of damage to the subject, A recent development of ERG 
electrode is the gold foil leaf - an old idea of hooking 
small metalic electrodes on the lower eyelid, re-examined 
using newly developed materials. The electrode consists of 
a piece of thin plastic, coated with gold, developed by 
Arden et al (1979) and it is inserted in the lower eyelid 
fornix without the use of anaesthetic eye drops, Arden 
claims that it records ERGs comparable with those obtained 
with contact lens electrodes. Another electrode is a very 
thin wire which is laid on the lower lid and is held in 
contact by surface tension,
Motokowa and Mita (1942) recorded small ERG signals 
from an electrode placed on the skin between the eyes, in 
response to single flashes of light. Averaging systems, 
now readily available, enable these ERG potentials to be
detected and extracted from electrical potentials arising 
from other sources. Several methods using electrodes of 
various types placed under the eye lid or near the eye, 
referred to a more distant point and used in conjunction 
with averaging techniques have been described (Tepas and 
Armington, 1962; Vaughan and Katzman, 1964; Jacobson et al, 
1966; Jayle and Tassy, 1970; Harden and Pampiglione, 1970; 
Stephens et al, 1971), Harden (1974) argued the case for 
surface electrodes for young and retarded children and 
babies because of the disadvantages of requiring a general 
anaesthetic for the placement of the corneal electrode,
Papakostopoulos (1982) records the ERG routinely from 
periorbitally placed surface electrodes referred to right 
and left linked mastoid electrodes. In controlled
conditions with co-operative subjects, he showed that the 
ERGs recorded from surface electrodes were remarkably 
similar, although reduced in amplitude, to those recorded 
from corneal electrodes (Fig, 5,1),
5,3 RECORDING SYSTEMS
Many channels are used to record spontaneous and 
evoked EEG activity. As many as 30 channels are available 
on some commercial EEG machines although 16 channels are 
common; 8 or less channels are used in portable equipment. 
Balanced amplifiers which have common mode rejection of 
10,000:1 and internal noise values of less than 2 
microvolts are used to amplify the microvolt signals.
On most machines the band width of the amplifiers can 
be flat from about 0,1 to 2,000 Hz and filters enable a
Fig.5.1 Comparison of skin and corneal ERGs. 'A' recorded after 
1 to 3 minutes of dark adaptation and * B* after 8 to 11 minutes 
of dark adaptation.
( Adapted from Papakostopoulos,1982) 
Infra-orbital to linked
mastoids
OR:
Corneal to linked 
.mastoids and Corneal 
to Fz superimposed
20jjV 100jjV
50msec
band pass to be selected according to the requirement. Care 
must be taken to choose filters that minimise the phase 
shifts of transient events and inaccuracy of latency 
measurements (Desmedt et al, 1974; Cooper et al, 1980),
The amplified signals are usually written in ink on a 
paper record. Ink jets provide a higher frequency response 
(1200 Hz) than conventional pens (less than 100 Hz) though 
the output voltage frequency characteristic is not 
necessarily the same as the pen.
The remaining point to be dealt with here is the 
connection of the two input leads with respect to the 
direction of pen deflection. It is defined by the EEG 
convention which states that when grid I (black input) of 
the amplifier becomes electro-negative in relation to grid 
2 (white input) the resulting pen deflection will be 
upwards. On montage diagrams the black lead is drawn as a 
solid and the white one as a dotted line.
5,4 ELECTRODE PLACEMENT
One of the main objectives of recording EEG activity 
is to determine its spatial distribution over the scalp. It 
is imperative that not only should recording sites be 
accurately identified and designated but that an 
internationally recognised system of doing so be adopted. 
Recordings made in other departments on the same subject 
can then be compared and communication of experimental 
results through the literature can be simplified.
The 10-20 system (Jasper, 1958) recommended by the 
International Federation of Societies for
Electroencephalography and Clinical Neurophysiology is now
used by the vast majority of departments. It is based on 
percentage measurements (10% and 20%) of the distances 
measured anteriorly-posteriorly along the mid-line from the 
inion to the nasion and from the left to right preauricular 
points along the central coronal plane, (Fig,5,2), The 
designations of the electrode sites are in terms of the 
underlying brain areas, e,g, Fp (Frontal pole). An even 
numerical suffix denotes the right hemisphere and an odd 
one the left. Such a system, based on percentages of head 
measurement rather than fixed distances between recording 
sites, overcomes the problem of different size heads.
The patterns used to connect electrodes to a number 
of recording channels are called montages. There are many 
designs appropriate to general screening of the EEG 
activity and for localisation of foci. Montages used for 
this work will be described later,
5.5 COMMON REFERENCE RECORDING
In this system the reference electrode or "inactive" 
electrode as it is sometimes called is commoned to a number 
of recording channels, usually to the "white" lead of the 
amplifiers. Since any electrode on the head can be active 
all such recordings are essentially bipolar. However, a 
reference point can often be found which is not influenced 
by the particular activity to be studied, e.g. activity 
confined to one hemisphere may be recorded with respect to 
a common reference point on the other. Now the reference 
point may be considered inactive and the potentials 
recorded at the active electrodes will then relate directly 
to the contours of the electrical field of the generator.
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Another advantage of a common reference system is 
that polarities are comparable across all the channels 
since the common electrode is connected to the same side of 
the input* Phase changes across channels are therefore 
presented in a meaningful way and the differences between 
them are readily measurable* The main disadvantage of the 
common reference system is that there is no single common 
reference point which is satisfactory for all recordings* 
The lobes of the ears, either singly or linked together,
the nose and the chin are frequently used as points of
reference but the choice of reference site has to be
particular to the investigations made*
The identification of multiple sources of electrical 
activity is often difficult and depends on locating a point 
of reference which is not affected by any of them*
5,6 NON-CEPHALIC REFERENCE RECORDING
For the reasons just stated it is not possible to
find an ideal reference on the head and a reference point
elsewhere on the body, distant from the electrical fields 
of the brain and the potentials associated with eye
movement and blinking has been sought* However the 
relatively high potential and widespread electrical field 
of the heart tends to swamp the EEG,
A non-cephalic reference was described by Stephenson
and Gibbs (1951), They used 2 electrodes over the right
sterno-clavicular junction and the tip of the 7th cervical 
spine, Fig,5,3, Adjustment of the potentiometers enables 
the ECG potentials at the electrodes to be balanced leaving 
little ECG at the reference point*
This technique is especially suitable for evoked 
responses where the averaging process used to increase the 
signal to noise ratio effectively reduces the residual ECG 
component at the non-cephalic (NC) reference electrode 
still further. Its use in evoked potential recording was
described by Lehtonen and Koivikko (1971) who made 
recordings of visual, auditory and somatosensory responses, 
using the chin, right ear lobe, bridge of the nose, and the 
NC as reference points. They concluded that for responses 
to visual stimuli the NC reference had a definite advantage 
over the other reference points,
5,7 COMMON AVERAGE REFERENCE RECORDING
This technique utilises all or a large proportion of 
the electrodes on the head each connected to a common point 
through a high resistance which is used as the reference to 
which all the "white" leads of the amplifier inputs are 
connected. It can be shown (Cooper et al 1980) that the 
potential at this point is the average of the potentials at 
all electrodes in the system. If the activity at the
various electrodes is unrelated, the average potential at
the reference will tend to zero but the technique has 
serious limitations when widespread synchronous activity is 
present. In that case the average of the activity will
have a significant value and channels will show the 
differences in potential between each active electrode and 
the active reference. The resulting potentials are not the 
contours of the electrical field of the source and phase 
relationships of activity across the scalp can become too 
complex to be analysed.
5,8 BIPOLAR RECORDING
A recording channel connected to a pair of electrodes
both of which are active is described as being connected in
a bipolar manner. Electrodes are usually arranged in a 
chain and the channels connected serially between them 
such that the "white" input of one channel is connected to 
the same electrode as the "black" input of the next.
Activity localised to one electrode in the chain will then 
appear phase reversed (180 degrees) between adjacent 
channels. The phase reversal of a waveform is very striking 
and is of localising value especially when used with 
electrode chains arranged at right angles to each other.
It is this feature of bipolar recording which has 
made it the most popular technique in clinical EEG practice 
where localisation of the source of abnormal activity is 
frequently the main objective of the examination. However 
the attenuation of the amplitude of the activity with
increasing distance from its source and the phase changes 
which may occur with its propagation are not conveniently 
derived from bipolar recordings.
CHAPTER 6
ANALYSIS
6,1 INTRODUCTION
An experienced person can, by inspection, pass 
judgement about amplitude, waveform and frequency of EEG 
activity. The accuracy of the judgement is improved if the 
amplitude and time can be compared with scales and the 
waveforms with predetermined templates. The eye is good at 
making these comparisons and many crucial decisions 
regarding patient diagnosis, therapy and surgery are based 
entirely upon visual inspection of EEG activity.
However, there are limits to visual analysis 
particularly when there is temporal variability in 
multichannel recordings. Whilst statements about gross 
changes of spatiotemporal relationships can be made by the 
experienced electro-encephalographer judgement can often be 
improved by analytic procedures.
Some of the basic procedures can be done laboriously 
by hand, an example being the spatial mapping of the 
amplitude of an identified event, e,g, a "spike", from 
multichannel common reference derived activities. Contour 
lines, representing equal amplitude values, can be obtained 
from an electrode array to form a map of potential 
distribution. Potential gradient plots have been used for 
half a century, Adrian and Yamagiwa (1935) having first 
applied them to analysis of EEG activity.
Transformation of subtle aspects of data buried in 
the mass of recorded activities into displays that can be
more easily read is the first step in data analysis. From 
such transformations qualitative and quantitative 
comparisons of a subject in different situations, between 
subjects and across groups of subjects can be made with the 
aid of statistical analysis. Statistical analyses used in 
this study are fairly basic, e,g. Student's "t" tests and 
need no elaboration,
6,2 FREQUENCY ANALYSIS
The application of frequency analysis to EEG is not 
new; "kurven analysis" was first used by Dietsch (1932),a 
collaborator of Berger, EEG activity recorded as variations 
of amplitude against time appears, when transformed, as 
amplitude or power as a function of frequency, EEG 
activity is a time series which although showing some 
repeatable or periodic features, never recurs exactly and 
is known as random, stochastic or non-stationary, A basic 
assumption underlying the application of frequency analysis 
of EEG data is that the EEG is stationary although there is 
still controversy as to the extent that the EEG can be 
regarded thus (Kozhevnikov, 1958; Brazier, 1961b; Wennburg 
and Zetterburg, 1971),
Pocock (1978) concluded that records during which 
notable changes, e,g, sleep, occur violate the assumption 
of stationarity and that it is only valid when short 
sections are considered. Analysis of an epoch of such a 
signal provides, at the best, only a statistical estimate 
of its features. In addition to amplitude and frequency of 
its components a complex waveform depends upon their time 
or phase relationships and to describe a given signal
uniquely both an amplitude spectrum and phase spectrum are 
required. The reader is referred to Cooper et al (1980) for 
a non-mathematical treatise of the theoretical basis of the 
subject,
6,2,1, Analogue and Digital Methods and Application
Frequency analysis may be performed by analogue or 
digital methods. All the early frequency analysis studies 
of EEG were performed on analogue instruments. The wave 
analyser designed by Walter (1943), improved by Baldock and 
Walter (1946) and later updated by Shipton (1956) used 
filters to separate the frequency components and provided 
on-line analysis by writing frequency histograms of 10 
second epochs of data directly onto the primary EEG record. 
Later versions provided simultaneous two or four channel 
analysis. An example is presented in Fig,6,1, The "H" 
response (section 4,2,5) was established using one of these 
analogue frequency analysers, A more comprehensive review 
is presented by Cooper et al (1980),
Frequency analysis performed by digital techniques 
makes use of the Fourier Transform, However, the
transformation is relatively time consuming, and it was 
only the fast algorhythm developed by Cooley and Tukey 
(1965) that allowed on-line analysis to develop.
The pitfalls that may be encountered when applying 
Fourier to biomedical signals and the modified form of 
Fourier Analysis, known as Discrete Fourier Transform (DFT) 
required for short periods of EEG, are described by 
Yoganathan et al (1976), DFT involves sampling of the 
related epochs at a specific number of equally spaced
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points in time# The spacing (discrimination) between 
frequencies in the spectrum is dependent upon the length of 
epoch and the highest frequency detectable dependent upon 
the sampling rate* For example, if a 2 second epoch is 
sampled by 256 points, a spectrum of 128 components at 0*5 
Hz intervals is obtained* Improved discrimination can be 
obtained by lengthening the epoch, since spacing of 
components equals 1/T Hz where T is the duration of the 
epoch in seconds* However, this will both lower the high 
frequency cut-off (maximum frequency equals half the number 
of samples in epoch divided by the epoch length) and reduce 
the validity of the assumption of stationarity*
Other limitations, which can have significant effects 
upon the interpretation of frequency spectra derived from 
EEG activity include "leakage"* This is reviewed by Winter 
et al (1979) where the case is presented for the choice of 
a cosine window to reduce "leakage"* Other limitations of 
frequency analysis are discussed by Cooper et al (1980), 
Pocock (1979), Regan (1972) ,
Fourier analysis can be particularly useful for 
studying evoked responses provided that they can be 
regarded as being stationary. The steady state response 
(section 4,2,4) may be considered to satisfy this 
requirement and Fourier Analysis can provide a precise 
description in terms of phase and amplitude* The frequency 
F Hz, at which an evoked potential is repeated is equal to 
the fundamental frequency (first harmonic) component (i.e.) 
the Fourier component of lowest frequency. The other
components have frequencies that are multiples of F, e*g* 
the second harmonic (2F Hz), In many cases the fundamental
and second harmonic components are all that is necessary to 
describe a steady state waveform (Regan, 1970),
According to Regan (1972) the signal to noise 
enhancement by Fourier Analysis is considerably greater 
(e.g. 5 to 10 times) than that possible by straight forward 
averaging. For example using 1 minute stimulation periods, 
components of amplitudes no greater than 0,2 microvolts can 
be detected, Regan argues that the assumption underlying 
the application of Fourier Analysis to VEP recording is 
similar to that of averaging, i.e. the evoked components 
are time-locked (phase-locked) to the stimulus. If this is 
valid, all the power of the steady state response to a 
stimulus of F Hz will be at F Hz and multiples of it (2F 
Hz, etc.). The preservation of phase information in the 
Fourier Analysis is of particular importance in steady 
state work because estimates can be made of the latencies 
of the various harmonic components of the response,
6,2,2 Power and Amplitude Spectral Analysis
Fourier analysis provides a series of coefficients of 
the amplitude and phase of activity at a fundamental 
frequency and multiples of it. Squaring and adding the 
sine and cosine components for each frequency gives the 
power spectrum but in so doing information about phase is 
lost. The power spectrum however, is a convenient measure 
of the frequency content of a complex signal.
If the square root of the power spectrum is taken the 
amplitude spectrum is obtained. When applied to electrical 
signals amplitude spectral analysis is effectively Voltage 
Spectral Analysis (VSA), A comparative study of the value
of Power Spectral Analysis (PSA) and VSA was made by Winter 
et al (1979). They concluded that in general VSA usually 
was more appropriate than PSA for application to EEG.
The amplitude and power components of Fourier 
Analysis are usually represented in the form of histograms 
and the phase information as a rotating vector. The 
vector, a straight line whose length is proportional to the 
amplitude of the components, forms an angle with respect to 
a given point in time. Fig,6,2 shows sine and cosine waves 
and their vector representations. Phase angles obtained 
from Fourier Analysis of steady state (RFVEP) responses may 
be conveniently displayed graphically as plots against 
frequency, as described in section 4,2,4, The slope of the
curve, obtained in this way, can be used to give an
estimate of latency of the steady state response
(Spekreijse, 1966? Regan, 1972),
6,3 AVERAGING
Signal to noise improvement can be obtained in 
different ways but all of them need the response to be time 
locked to the stimulus whereas the background noise in 
which it is buried is random, Dawson (1947) introduced the 
super imposition technique, using the emulsion of the 
photographic plate to integrate a number of trials 
displayed on a cathode ray oscilloscope. Photographic 
summation was later replaced by the cathode ray storage 
tube on which superimposed scans were compared. The first 
averaging technique, an electro-mechanical analogue 
computer, was introduced by Dawson (1951, 1954),
General or special purpose computers now perform
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Fig. 6.2 Steps of 45 degree phase advance of sine wave signal 
with vector representation. The sine wave (top trace) is 
represented by a horizontal vector and the cosine (third 
trace from the top) a vertical vector.
averaging in most laboratories, The analogue to digital 
(A/D) converter samples the signal for a preset epoch and 
stores the numerical values in a set of addresses. The 
values obtained in subsequent epochs are added to the
stored values and the average obtained by dividing by the
number of trials presented. In the process of summation
random noise increases by the square root of N (where N is 
the number of trials). When the sum is divided by N to
obtain the average the noise is reduced by the square root
of N, The time locked signal on the other hand which
becomes N times larger during summation returns to its 
original amplitude when divided by N during averaging. 
Hence the signal to noise ratio has been increased by a 
factor of the square root of N, Averaged responses can be 
made to appear more clearly by dividing the sum by N/2, 
N/3, etc instead of N, The noise will also appear greater 
in this case but can be reduced by taking larger samples. 
The extent of enlargement has to be taken into account for 
calibration purposes.
The data should be sampled at a rate of at least 
twice the highest frequency in the signal (Nyquist
Criterion) if these frequencies are to be preserved and
distortions due to aliasing be prevented. The reader is 
referred to Cooper et al (1980) for further information.
Whilst averaging has obvious advantages intertrial 
variability is lost. If intertrial variation is an 
important consideration the standard deviation can be 
computed for all sample points in the epoch. This is rarely 
done,
On closing this chapter, it is worth adding that
reproducibility of analysed data is a good test of the 
computing system and of the experimental conditions. Two 
averages superimposed showing little difference between 
them adds considerable confidence to the reliability of the 
data and is a practice to be recommended. This applies 
equally well to other forms of analysis.
CHAPTER 7
EXPERIMENT TO DETERIMINE THE OPERATIONAL TECHNIQUES
MOST SUITABLE FOR THE AVERAGE REPETITIVE FLASH 
VISUAL EVOKED POTENTIAL (ARFVEP)
7.1 INTRODUCTION
The investigations in this study required
simultaneous recording of brain and retinal responses over 
a wide range of stimulus frequencies. Since few workers 
use averaging techniques to examine responses to repetitive 
photic stimulation there is no standardised procedure.
These investigations therefore posed questions
concerning the best technique to provide measures of 
responses arising from multiple sources. These techniques 
relate to the electrode positions, reference site and type 
of recording, i,e, common reference, bipolar or average 
reference. Another area of uncertainty was the range and 
step increments of the photic stimulation. The ”H" 
response (section 4,2,5) was established using increments 
of 2 Hz to a maximum frequency of 18 flashes per second,
A pilot experiment was done to resolve these problems 
and the data reported here formed the basis for the main 
study,
7.2 OBJECTIVE
Neither common average reference recordings nor 
bipolar recordings are well suited to measurement of 
amplitude and phase distribution of electrical potentials 
across the head (section 5), Common reference recordings 
are more appropriate provided that a suitable non-active
reference point can be found. The best reference point is 
one that is not influenced by the electrical field of the 
VEP or the ERG, Many studies of the VEP have been made 
using reference points at Cz, nose, chin and ear lobes, the 
latter either singly or linked together, but it was 
considered highly likely that all these points would pick 
up activity evoked by visual stimuli from either the 
retinae or brain or both and lead to difficulty of 
interpretation, Lehtonen and Koivikko (1971) recommended a 
balanced non-cephalic (NC) reference electrode.
These early recordings were to explore reference 
sites; find the best electrode derivation to separate the 
electrical components of different sources? and determine 
the freqency range of the flicker stimulation,
7,3 ARGUMENT
From the preceeding section it is clear that there is 
no single point on the head at which a VEP can be expected 
to be totally absent.
On the other hand if the assumption is made that 
potentials arising from a localised source and appearing at 
a point on the scalp attenuate with increasing distance 
from that point, then the issue can be examined 
realistically. Evidence to support this assumption can be 
gathered from the following observations:-
(a) The potentials on the scalp arising from a known 
irritative localised cerebral lesion, e,g, an epileptic 
"spike" focus, referred to a common point remote from the 
focus at which no synchronous activity arising from the 
lesion can be expected, can be shown to attenuate
progressively with increasing distance from the focus
(b) The potential differences recorded on the scalp 
caused by blinking can be shown to attenuate with 
increasing distance from the eyes. Evidence of this, 
obtained from a patient with an isoelectric EEG, provides 
evidence of this (Fig,7,1), The blink (simulated) recorded 
at Fpl is approximately 65 microvolts, 5 and 10 centimeters 
posterior to Fpl it is about 20 and 7 microvolts 
respectively and it is not clearly visible more 
posteriorly,
(c) The ERG persists after cerebral death and can be 
recorded and measured when the EEG is isoelectric, without 
the use of averaging techniques. In these conditions the 
ERG is shown to attenuate over the scalp with increasing 
distance from the eyes (Fig,7,2),
It would be to advantage to use a range of stimulus 
frequencies and incremental steps that were comparable with 
those used for the "H" response (section 4,2,5), To obtain 
information on which to base a specification for the top 
end of the frequency range, it would be necessary in this 
experiment for the stimulus rate to extend beyond the 
highest stimulus frequency that evoked a response in any of 
the subjects. The maximum frequency of flicker at which a 
fundamental response can be expected, from personal 
observation and from the reports of many other workers 
(Lehtonen et al 1979), was much higher than the top of the 
range used for the 'H' response study and often higher than 
50 flashes per second. In this pilot experiment flicker 
rates up to 100 f/s were explored.
In the 'H' response study the stimulus frequency was
9 2
F P 2 +IOcm
25u V
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Fp^+IScm
Fig.7.1 Blinks (simulated) on an 'isoelectric' EEG. The 
channels, from Fp£ posteriorly are referred to the 
occipital protuberance.
F p 2 + 5 c m
Fp^+10cm
8u V
1 sec
F P 2 + 1 5cm
Fig.7.2 ERGs on an 'isoelectric' EFG. The montage is 
the same as in Fig.7.1.
incremented in steps of 2 flashes. It was thought that 
re-examination of the increment size was necessary
particularly as the frequency range of the stimulation was
to be extended. If larger increments could be used in some 
parts of the frequency range, without significant loss of 
information, experimental time and storage space on digital 
tape would be saved.
7,4 EXPERIMENTAL DESCRIPTION
7.4,1 Subjects
Five members of the hospital staff and three hospital 
patients were used as subjects. Half were female and the 
age range of the group was 17-39 years (mean 33 years).
The patients were suffering from psychiatric illnesses,
two from anxiety and the other (E) from a combination of 
anxiety and obsessionalism. The patient (E) had 
chronically indwelling electrodes implanted in the anterior 
regions of her cerebral hemispheres. This technique of 
inserting multiple fine gold wire electrodes, 0,006 inches 
in diameter, with recording tips of 4 mm length, was 
developed at the Burden Neurological Institute (Crow, 
Cooper and Phillips, 1961) for the treatment of severe 
anxiety and obsessional illness. The electrodes remain 
implanted for many months whilst therapy is undertaken and 
are then removed. Patient 'E*, an intelligent school 
teacher, was alert and co-operative throughout the 
recording. She was fully aware that it had no bearing on 
her particular illness and that she was acting as a control 
subject for this investigation.
7,4,2 Data collection and analysis
The data collection program was designed to collect 
samples of the responses to repetitive stimulation, average 
them and store them on digital magnetic tape. This data 
had to be collected in a convenient form for further off 
line analytical computation. It was decided that the 
amplitude and phases of the fundamental and harmonic 
components of the flicker frequency would be made using the 
fast Fourier Transform (FFT), This was most conveniently 
done if a fixed number of responses was collected in each 
epoch whatever the flicker rate. Eight consecutive 
responses were included in each epoch. At a stimulation 
frequency of 10 flashes per second (f/s) the epoch was 800 
msec whilst at a stimulation frequency of 20 f/s the epoch 
was only 400 msec.
Preliminary test averages had shown that 50 epochs 
provided sufficient signal to noise enhancement for 
responses to be clearly identified. An artefact rejection 
system, based on the detection of excessively large 
signals, was included to reject epochs containing 
potentials from eye blinks or other artefacts. The capacity 
of the digital tape limited the total number of averages 
that could be stored and imposed limits on the number of 
channels simultaneously used and the number of stimulus 
rates presented.
The amplitude and phase of the fundamental and 
harmonics were obtained by frequency analysis of the evoked 
responses. The averaged response recorded at an electrode 
site to a specific frequency of flicker was subjected to
(a) Original response
(b)
Spectral histogram 
of harmonic components
(c)
Digital filtering of 
higher order harmonics 
and preservation of the 
1st H component
Reconstituted waveform
(d) 'VWVWW of 1st (fundamental)
component
Fig.7.3 Transformation (off-line) of averaged data for 
measurement of its harmonic components.
FFT and a frequency versus amplitude histogram obtained 
(Fig,7,3,b), The required harmonic was reconstituted from 
the selected sine and cosine components (Fig,7,3,d),
7,4,3 Technique
An Elema Schonander EEG machine was used for all 
recordings at a gain of 50 microvolts per centimetre. The 
complete recording and averaging system was calibrated 
using a 20 microvolt square wave applied to the input of 
the EEG amplifiers of each channel. Sixteen epochs were 
averaged and the amplitudes equalised and standardised by 
the PDP12 computer (Cooper et al, 1980),
Silver-silver chloride electrodes embedded in a small 
nylon cup (section 5,2) were used for all recordings. They 
were held in place by a collodion adhesive, except for 
those on the face for which double sided adhesive paper 
discs were used. Electrolyte jelly was injected through a 
small hole in the nylon cup and a contact resistance of 
approximately 2,000 ohms was obtained at each of the 
electrodes.
Some of the electrodes were placed according to the 
10-20 system, section 5,4 (Fig,5,3), Additional electrodes 
were placed on the scalp at 5 cm and 10 cm to the left and 
to the right of the midline occipital electrode Oz, and 
were labelled L5, L10, R5 and R10 respectively. The
electrode sites used in this study were based on practical 
experience and on physiological considerations concerning 
the origins of the evoked potentials and their expected 
distributions. The sites used were Fz, Cz, Pz, Oz, L5, 
L10, R5, and R10, Scalp reference electrodes were left and
right mastoid processes and a non-cephalic reference was 
derived from electrodes on the right sternoclavicular 
junction and above the 7th cervical spine, each connected 
to potentiometers for balancing (section 5,7), The ERG and 
EOG were recorded with an electrode at the outer canthus of 
each eye? just below each eye? and between the eyes 
(sections 5,9 and 5,10), Not all of these sites were used 
on all of the subjects but they were all used on more than 
one person. The recordings made on the first two subjects 
were limited to eight channels but later increased to 
eleven plus one used for monitoring the stimulus and 
indicating the occurance of the average epochs.
Various reference sites were explored. The ERG from 
the cheek electrodes was referred to the outer canthi of 4 
subjects, to Fz of 5 subjects, to Cz of 3 subjects, to a 
non-cephalic reference of 3 subjects, to a mastoid 
electrode of 1 subject and to a common average reference 
derived from intra-cranial electrodes of the patient 'E1,
The electrodes used for recording the cerebral evoked 
potentials (Oz, L10, L5, RIO, R5, Pz, Cz and Fz) were 
referred to a non-cephalic reference (NC) of 5 subjects, to 
Fz of 3 subjects, to the right mastoid of 1 subject and to 
an intra-cranial common average reference of patient (E), 
An electrode was attached to the right wrist (W) and 
referred to the NC of 3 subjects. Bipolar recordings were 
made simultaneously with the reference ones on 5 subjects. 
The subjects were grounded using an electrode placed on the 
forehead, A photo-electric cell (PEC) was positioned near 
the subject's head to monitor the flashes.
The subject was seated in a comfortable reclining
chair with a head rest, in a room with subdued background 
lighting.
The high pass filters of the EEG channels of the 
Elema Schonander 16 channel Mingograph EEG machine were 
switched off to extend the upper frequency limits to 2 KHz? 
the time constant was 1 second, A DEC PDP 12 computer 
with analogue to digital converters connected to the output 
of the EEG machine, was used for acquisition, analysis and 
storage of data. The photic stimulator was a Specialised 
Laboratory Equipment Stroboscope delivering approximately 
80,000 nits. The lamp was placed 20 centimeters in front 
of the subjects's eyes. The subject was monitored using a 
closed circuit infrared television camera.
Fifty epochs of the responses evoked at e^ch of the 
stimulation frequencies were averaged and stored for 
offline analysis. Eight flashes were presented during each 
epoch. Collection was delayed at the beginning for thirty 
two flashes to avoid including the high amplitude response 
often evoked by the sudden onset of flicker (section 
4,2,5), The flicker was continuous throughout each set of 
frequencies.
The frequency range of the stimulation presented to 
the first two subjects was 6 flashes per second (f/s) to 
100 f/s. The upper end of the range was reduced to 80 f/s 
for the later subjects. The lowest stimulation rate was 
reduced to 4 f/s for the last two subjects.
The stimulation rate was increased in steps of 2 f/s 
for rates below 20 f/s, for four subjects. The other four 
subjects received incremental steps of 1 f/s over this part 
of the range. The range from 20 f/s to 40 f/s was
incremented in steps as low as 1 f/s for one subject, and 
as high as 5 f/s in two other subjects. Above 40 f/s the 
incremental steps varied between 4 f/s and 10 f/s for all 
the subjects.
The average responses from all the electrodes on each 
subject were transformed into the frequency domain using an 
FFT programme and amplitude-frequency graphs of the 
fundamental component of the responses over the whole 
stimulation range were plotted. The same procedure was 
adopted for the second harmonic component and for higher 
harmonic components for some of the subjects. Since there
were 8 flashes in every epoch regardless of frequency of 
stimulation (epoch length changed) the fundamental 
frequency was at the 8th frequency component of the 
spectrum.
7,4,4 Procedure
The purpose and procedure of the experiment was
explained to the subjects before the start of the
recordings. They were asked to relax to reduce
interference from the electromyogram (EMG), They were told 
to fixate their eyes on a point at the centre of the 
stroboscope lamp and try not to blink. When the 
non-cephalic reference was being used the two 
potentiometers in the balance circuit were adjusted for 
minimum ECG artefact. Flicker always started at the lowest 
frequency in the range and progressively incremented until 
the full range had been completed.
Each average of 50 epochs was displayed on the visual 
display unit (VDU), inspected and stored on digital tape.
After the full frequency range of stimulation had been
completed 100 single flashes (rate 1 per second) were 
averaged. This procedure was the same for all subjects,
but some were presented with additional stimulation with 
their eyes closed,
7,5 RESULTS
7,5,1 Frequency range data
Responses were evoked in all the subjects examined 
and FFT analysis showed that in most subjects the dominant 
component of the responses was at the same frequency as the 
stimulus (fundamental), Strong second harmonic components 
were often superimposed and higher order harmonics were 
present at a lower amplitude. All the harmonic components, 
up to the 10th order, i,e, 40 Hz response to 4 f/s were 
plotted from the subject whose responses showed the 
greatest harmonic content. Fig,7,4 shows an
amplitude-frequency response graph for the 1st, 2nd, 3rd 
and 4th harmonics of this subject. Higher orders all had 
amplitudes of less than 2 microvolts.
It can be seen that the 1st harmonic (1st H) 
component of the response is dominant at most stimulus 
rates. Above 21 f/s, only the 1st H and 2nd H components 
appear at an amplitude of more than 4 microvolts. The 
responses at the highest frequencies are the 1st H, There 
is considerable variation in the amplitude of the 
fundamental responses, particularly at the lower part of 
the frequency range, producing prominent peaks and troughs 
in the amplitude-frequency graphs.
Table 7,1 shows that the highest stimulus frequency
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Fig. 7.4 Harmonic components of the responses recorded 
from Oz--Fz from a control subject.
Subject Highest frequency at
which a response was 
evoked 
A 70 Hz
E 48 Hz
G 60 Hz
H 40 Hz (Range 40--70 Hz)
I 48 Hz (Mean 53 Hz )
N 55 Hz
S 48 Hz
W 48 Hz
Table 7.1
at which a response of 2 microvolts or more was evoked was 
70 f/s whilst the mean for the group was 53 f/s. From these 
considerations and to allow for a possible increase of 
maximum frequency at which a response might be evoked in 
migraine subjects (Golla and Winter 1959) it was decided 
that the maximum stimulation rate would be 80 f/s.
Responses were evoked in all the subjects at the 
lowest stimulation rate. The maximum amplitude of the 
driving response was usually within the alpha frequency
range and it was decided that a minimum stimulus frequency
well below this - 4f/s - would be used.
The responses in some subjects showed strikingly
localised components at sharply defined frequencies. 
Fig,7,5 is an amplitude-frequency graph of the 1st H 
components recorded at Oz and Pz, each referred to NC, in 
subject 'H1, At the upper end of the frequency range the 
responses were of relatively low amplitude. Note the 
difference in the responses at the 2 sites when the 
stimulus frequency was about 15 Hz,
These sharp peaks and troughs in the spectrum below 
20f/s means that small increments of the stimulation 
frequency can produce considerable changes of response. In 
the data shown in Fig,7,5 for example the amplitude of the 
fundamental recorded at Pz at 10 Hz was 19 microvolts 
reducing to 13 microvolts at 11 Hz, However, these sharply 
defined peaks in the spectral plot were not typical of the 
group and the other subjects showed smoother, broader 
peaks. It was decided that increments of 1 f/s would be 
used below 20f/s,
In the range 20-40 f/s the amplitude of responses and
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Fig.7.5 1st H components of the ARFVEP recorded from subject 1H1.
the variation in amplitude was much less severe. The 
increment step was increased to 2 f/s in this part of the 
range. Above 40 f/s the responses were of such low 
amplitude that intervals of from 4 to 10 f/s were used to 
cover the remainder of the range to 80 Hz,
There was a striking reduction of amplitude of the 
responses when the eyes were closed compared to when the 
eyes were open. The data from subject 'N 1 can be seen in 
Fig,7,6, The ERG responses also differed considerably when 
the eyes were closed compared with open, Fig,7,7, It was 
decided to opt for the conditions that produced the largest 
responses; stimulation through open eyes was made in 
subsequent recordings.
7.5,2 Electrode derivations and reference points
The average ERG response to single flashes (lf/s) 
seen in Fig,7.8 can be identified by its waveform and short 
latency. It is small but discernible at Fz, The VEP 
recorded at Oz is different from the ERG in both waveform 
and latency. It is well localised at Oz in this subject. 
Fig,7,8 also demonstrates the similarity of the common 
average intracerebral (i/c) reference and the NC reference 
suggesting an inactive non-cephalic reference.
The responses shown in Figs,7,9 and 7,10 recorded 
from subject I, have different distributions and phase 
relationships to those shown in Fig,7,8, Fig,7,9 shows 
that the ERG appears to be larger when it is referred to Fz
(b) than when referred to NC (a), As will be seen later 
(Fig,7,10) this is most probably due to the combination of 
the activity at Fz and ERG, The response shown at (d) was
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Fig.7.6 The 1st H component of the ARFVEP recorded from Oz— NC
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Fig.7.7 The 1st H component of the RFERG recorded from the Rt eye— NC
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Fig.7.8 The responses recorded, from subject 'E', at each electrode 
referred to NC are shown (thick traces) superimposed on those 
simultaneously recorded from the same electrodes referred to an 
intra cerebral average reference of 68 electrodes (thin traces).
(a) Rt ERG— NC
(b) Rt ERG— Fz
(c) Fz— NC
(d) Rt ERG— NC- 
(computed)
Flash
J\ 20 jjV
L_________________  -
800. msec
Fig.7.9 Subtraction of the response at (c) from that at (b) 
is shown at (d). It is identical to the recorded response shown 
at (a).
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Fig.7.10 Distribution of the responses from subject 'I' showing 
showing their different waveforms.
obtained by subtracting the response at Fz (c) from the ERG 
referred to Fz (b) by computation. This waveform is the 
same as the ERG referred to NC (a),
In the same subject the responses at Fz and Cz, 
Fig,7,10 are similar whilst the response at Oz is totally 
different. Fig,7,11 shows the markedly different spectral 
plots of the two different waveforms.
Bipolar recordings of the evoked responses can be 
ambiguous Fig,7,12, The responses recorded from all 
electrodes referred to reference NC show a widespread VEP 
response with two distinctly different waveforms. At the 
posterior electrodes Oz, L5 and R5 the response is 
basically a low frequency one with maximum amplitude at Oz, 
At Cz and at the electrodes more anterior the response is 
of quite a different character. The electrode at Pz shows 
a combination of these two responses. The bipolar 
derivation, Oz-Fz, shows a complex response which is unlike 
that seen elsewhere and which is the result of summation of 
the response at Fz and the response at Oz, The responses 
at Fz and Oz were summed by computation and the result is 
shown at X, The right wrist (RW) to NC reference channel, 
Fig,7,12, used as a monitor to detect responses that might 
spread from the head as far as the electrodes used for the 
balanced NC reference, shows no evidence of a response, 
only residual muscle activity recorded from the wrist 
electrode.
The waveform and latencies of the ERG and VEP 
responses to single flash stimulation differ from each 
other and may be used to identify their respective fields. 
On one subject (E) the ERG extended posteriorly as far as
Fz whilst the VEP remained well localised at Oz, However 
the distribution varied with subjects. Subject (I) showed 
diffuse VEP with similar waveforms at Fz and Cz but
different to that at Oz, These findings are in agreement
with those of other workers who describe parietally and 
centrally distributed late components of the VEP (Kooi and 
Bagchi, 1964b) in some subjects.
This difference of the responses at Cz and Oz
suggests that their respective electrical fields might 
overlap at Pz and it was felt that a Pz electrode should be 
included in the anterior-posterior electrode string.
Anterior electrodes show a mixture of the ERG
response and the widespread centrally dominant VEP when 
present. The practice of referring the ERG to the forehead 
(Ikeda, 1982); to Cz (Harden, 1974); or elsewhere on the 
head may give rise to an ERG that includes some VEP. This 
is particularly important if skin electrodes are used to 
record the ERG.
Electrodes on the mastoid processes either seperately 
or linked together have also been used as an ERG reference. 
However the possibility of spread of the VEP from the 
occipital region is not insignificant.
Other electrode sites were active and recordings made 
from them were therefore essentially bipolar recordings 
which can confuse the identification of the different 
responses.
The argument applies equally well to the repetitive 
responses, as can be seen from Fig.7.13, in which the 
responses recorded at Fz and Oz are quite different and 
vary independently with the stimulation rate.
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Fig.7.11 Frequency analysis of the responses at Cz and Oz (referred to NC).
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Fig.7.12 The waveform of the responses (from subject *H') recorded at 
different electrode sites, referred to NC, are compared with the recorded 
bipolar summation and and computed bipolar summation (X). (Rt wrist = Rw)
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7,6 SUMMARY
1, Taking several practical factors into account 
the following rates of repetitive flicker were selected; 
4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,22,24,26,28,30, 
32,34,36,38,40,44,48,55,60,70 and 80 f/s.
2, Stimulation with the subject's eyes open evoked 
significantly larger amplitude responses over a wider 
frequency range than when the eyes were closed.
3, Analyses of bipolar recordings can be 
misleading,
4, The best reference for the ERG is a balanced NC 
particularly if skin electrodes are used for recording the 
ERG,
5, The best reference for mapping multiple sources 
of the VEP is the balanced non-cephalic reference (NC),
6, To identify the field distributions of the 
different components of the VEP to flash stimulation the 
electrodes should include Fz, Cz, Pz, Oz, L5 and R5,
I I J
PART 2
EXPERIMENTS TO DETERMINE WHETHER THERE ARE 
PHYSIOLOGICAL DIFFERENCES OF THE VISUAL SYSTEM IN 
CLASSIC MIGRAINE SUBJECTS, THEIR SITE OF ORIGIN 
AND WHETHER THEY RELATE TO CONSTITUTIONAL ANOMALY 
OR ISCHAEMIC TRAUMA OF MIGRAINE ATTACKS
CHAPTER 8
METHODS
8,1 INTRODUCTION
The review of the literature presented in Chapter 4 
showed evidence from a number of sources to support the 
original findings of Golla & Winter (1959) of differences 
of behaviour of the visual system in migraine and in 
non-migraine subjects. Whilst the various forms of stimuli 
used have all contributed to the present day knowledge much 
of the work done since 1959 might be regarded as 
re-examination of the original findings using novel 
stimulation and analysis techniques rather than exploration 
of the physiological factors.
Unfortunately, experimental control has not always 
been as good as it might have been. Little attempt has 
been made in some studies to control for possible sex 
differences or even to establish the type of migraine the 
subjects were suffering and in others insufficient numbers 
of subjects were examined to permit adequate statistical 
analysis. Methodology has varied considerably and 
important information has been omitted e.g. light 
intensities, to enable the work to be replicated or 
compared with other studies. Nevertheless the studies that 
have been done suggest that there are significant and 
permanent differences between the visual system of people 
with migraine and normals. The site of this difference - 
retinal, optic tract or cortical (or any combination) has 
not been determined. Structural changes at any one of
these points could produce different cortical responses*
The aims of this study were twofold, the first of 
which was to identify the site of the differences using a 
battery of electrophysiological tests ranging from the 
presynaptic function of the retina to the response of the 
occipital cortex, in a group of "classic migraine" subjects 
and normal controls* This can be done by using different 
forms of stimuli and/or by manipulation of stimulus 
parameters and by recording at various stimulus sites.
The recordings were of the electroencephalogram 
(EEG), electro-oculogram (EOG), flash electroretinogram 
(FERG), repetitive flash electroretinogram (RFERG), flash 
visual evoked potential (FVEP), repetitive flash visual 
evoked potential (RFVEP), average repetitive flash visual 
evoked potential (ARFVEP), critical frequency of photic 
driving (CFPD) and pattern reversal visual evoked potential 
(PRVEP), The FERG and FVEP were recorded during dark and 
light adaptation* The tests were completed in one session 
of approximately four hours duration including application 
of electrodes and a break for refreshments*
The second aim of this study was concerned with the 
cause of the differences of neurophysiology in the migraine 
group* The evidence of a number of studies, including 
regional blood flow measurements during attacks of migraine 
(Skinhoj, 1970; Mathew et al, 1976; Olesen et al, 1982), 
suggest that visual auras of migraine are due to cerebral 
or retinal ischaemia* The neuronal damage suffered as a 
result of profound and severe cerebral hypoxia is well 
known* Less severe cerebral transient hypoxic episodes, 
more closely resembling those suffered during migraine
attacks, could lead to permanent damage if experienced over 
a long period of time (Yates, 1976), Alternatively the 
changes in neurophysiology may reflect constitutional, 
perhaps genetically determined, factors associated with 
liability to develop migraine*
The working hypothesis for this part of the study was 
that subjects with a short history of migraine and/or 
infrequent attacks would have suffered less structural 
damage than those with a long history and/or frequent 
attacks and this would correlate with the degree of 
abnormality of the response* If this relationship was not 
established, the evidence could be taken to infer 
constitutional differences in the visual system of migraine 
sufferers reflected by the abnormal VEPs*
8*2 RECORDING AND STIMULATING SYSTEMS
Some of the tests that follow were performed in the 
clinical neurophysiology unit at the Burden Neurological 
Hospital and the others in one of the neurophysiology 
research laboratories of the Burden Neurological Institute, 
housed in the same building*
The recordings made in clinical neurophysiology were 
of the RFVEP ('H' response) and the Critical Frequency of 
Photic driving (CFPD)* The EEG recording machine was a 16 
channel Elema Schonander* The gains of the amplifiers were 
set to 50 microvolts per cm*, the high frequency filters to 
700 Hz (-3 dbs) and the time constants of the low frequency 
filters to 1*2 secs*
A DEC PDP11/03 computer was used to provide online 
frequency analysis of two channels of EEG simultaneously
written directly onto the EEG record using one of the 
inkjet galvanometers* The Discrete Fourier Transform (DFT) 
was used to analyse successive epochs of 1 second duration* 
A raised cosine window was applied to the EEG to reduce 
leakage* Eight successive power spectra were averaged and 
written as amplitude (voltage) spectra with 1 Hz intervals* 
The EOG and ERG during dark and light adaptation, 
RFVEP and PRVEP were recorded in the research laboratory* 
The subject was seated in a reclining chair and monitored 
by the experimenter in the adjoining room using an infra 
red camera. All recordings were done on a modified Elema 
Schonander EEG machine* The amplifier and filter settings 
were different for the different studies and will be stated 
in the appropriate sections. All the electrical activities 
were monitored on the usual paper record, A PDP 12 was used 
to average and store the data* The system was calibrated as 
described in Chapter 7* Silver/silver chloride ’Burden 
type' electrodes were used as described in section 5*2*
Off-line analysis was performed using a DEC PDP12 
computer* A number of the software programmes were already 
in regular use for clinical and research purposes; some 
were especially written for this work by Dr* Ray Cooper* As 
already described in section 7*4*2 the epochs of repetitive 
flicker responses each contained 8 responses with the epoch 
shortening as the stimulation rate increased* The actual 
frequency of the components of the spectrum thus relate to 
the epoch period but since 8 responses always occur in the 
epoch the 8th multiple of the period becomes the 
fundamental harmonic of the response; the 16th multiple the 
2nd harmonic of the response and so on. The relationship
of the harmonic component of the response to the epoch 
period is constant for all stimulus frequencies, greatly 
assisting analysis of the spectra*
The chosen frequencies of stimulation were derived 
from the computer clock and used to drive the flash unit* 
A modified SLE stroboscope was used for single and 
repetitive flash. The responses to the first 32 flashes at 
each new frequency were not averaged so as to exclude the 
"differentiation" effect (Walter, 1964). Each epoch 
consisted of 256 data values* A versatile off-line 
processing programme provided selective filtering of 
components (Fig*7.3), The measures of amplitude were peak 
to peak voltages referred to the input of the EEG machine* 
A further extension of this programme provided a facility 
for plotting vectors to represent the amplitude and phase 
angles of the spectral components*
The panel of light used for the EOG study was 126 by 
162 cms and consisted of 8 fluorescent tubes and two small 
red marker bulbs* Its luminance will be presented in the 
next section* The pattern reversal system used was the 
projector type with rotating mirror* The mirror moved the 
pattern through the width of 1 square in 8 milliseconds* 
Each square subtended 60 minutes of arc at the observer (24 
squares)*
The brightness of the stimuli and the background 
lighting is of some importance for standardisation of 
experimental conditions* However the diverse literature on 
the subject of photometry is confusing* Nomenclature, 
symbols and definitions differ and the calibration of 
photometers depend on whether they are designed for the
photographer, lighting engineer, scientist, etc* The
quality and costs of photometric meters are equally
diverse; from a few pounds for a simple meter to nearly
forty thousand pounds for the instrument used to obtain
some of the measures quoted in this study*
The difficulties of measurement of brief flashes of
light of the duration produced by an electronic stroboscope 
was discussed with the following establishments :- The 
National Air Traffic Services; Trinity House Light 
Experimental Station; The Royal Aircraft Establishment; 
British Aerospace and Seimens Research Laboratories*
Agreement was reached only on the fact that this was a very 
difficult problem* The main problem is that the shape of 
the pulse of light from a gas discharge tube varies 
considerably depending on a number of variables and cannot 
be assumed to be square*
The measurements of the stroboscope flash to be
described were made with the co-operation of British 
Aerospace (Bristol), using a Spectra Pritchard 
spectro-radiometer 1980B* The method involved calibration 
of a high speed photo diode using the spectro radiometer* 
The mean luminance over a set period of time was measured 
and using the mark space ratio for the stimulus frequency 
the luminance for a single flash was calculated. This was 
repeated for different frequencies (see Appendix C for 
further details), Similar time integrated method of 
calculation was used by Jeavons and Harding (1975) to 
calculate the luminance of the Grass Stimulator*
The units used in the following measurements are as 
follows :-
(i) for luminance (the amount of light given off 
perpendicular to the surface of the lamp) candelas per 
square metre or nits,
(ii) for illumination (the light arriving from all angles 
at a surface) lumens per square metre or lux.
The stroboscope used to produce unpatterned flashes 
for the RFVEPs (*H ' response) study in the clinical unit 
produced an integrated single flash peak luminance of 
approximately 83,000 nits. The luminance was shown to 
decrease with increasing frequency of flicker to about 
66,000 nits at 12 Hz, was between 66,000 and 50,000 nits to 
50 Hz and decreased to about 36,000 nits at 80 Hz, The 
room background lighting used during the recordings 
measured at the eyes was approximately 4,5 lux.
In the research laboratory the integrated flash peak 
luminance for a single flash was approximately 112,000 nits 
and decreased as the stimulus frequency was increased (see 
Appendix C),
The luminance of each bright and dark square of the 
checkerboard system was measured in the horizontal and 
vertical planes through the centre of the pattern. The 
mean luminance of the bright squares at the centre of the 
screen contained in an arc subtending an angle of 6 degrees 
at the subjects eyes was 446 nits. The mean luminance of 
the equivalent dark squares was 11 nits. The contrast 
between the bright and dark squares was 97,5%, The 
luminance reduced considerably towards the perimeter of the 
screen but the contrast was maintained at greater than 90% 
on all squares.
The illuminance measured at the plane of the eye, due
to the whole screen, was 11 lux. The dim background 
lighting contributed an additional 1 lux at the eye.
The illuminance of the EOG light panel measured at 
the subject's eyes was 1,190 lux. The room lights used in 
the conditions of the experiment added another 260 lux. 
The luminance of the right hand red marker light was 530
nits and the left hand one 610 nits.
The background room lighting used for light
adaptation prior to dark adaptation in the FERG and FVEP 
studies, contributed an illuminance of 260 lux measured at 
the plane of the eyes of the subject. The room light 
reflected from the surface of the flash tube screen
provided a luminance of 21 nits; 0,13 x 0,001 nits were 
measured from the surface of the screen in the dark.
The dim background lighting used for the RFVEP study 
produced an illuminance at the eye of 1 lux. The reflected 
light at the surface of the lamp due to the room light 
produced a luminance of 0,134 nits.
CHAPTER 9
SUBJECTS
9.1 Recruitment
Since the visual system was being extensively 
examined it was considered that for the purpose of this
study patients suffering from classical migraine with 
visual disturbances would be those most likely to present 
measurable physiological differences. Another good reason 
for studying classical migraine was that there is less
dispute about the diagnostic criteria than other forms.
The difficulties of obtaining subjects for 
experimental studies of this nature are well known. 
Generally, patient populations are acquired from clinical 
departments of hospitals but the number of patients willing 
to participate is governed by a number of factors. Many 
patients in employment are unable to take extra time off 
from their work during the day and women with young 
families to care for often cannot spare time or their 
availability is severely limited to short periods at 
particular times of the day. More men are employed than
women and are more difficult to recruit so that it is
difficult to match studies for sex differences.
In an experiment of this nature, where parts of the 
procedure are designed to evoke responses under conditions 
that may trigger attacks, volunteers with migraine are even 
more difficult to collect. Patients who are already 
suffering from frequent attacks do not relish the risk of 
yet another and patients in whom the attacks are controlled 
do not want to reinitiate them.
In the first instance permission was obtained from 
the neurological and other consultant staff to whom 
migraine patients were referred to use patients from their 
registers. The initial response from these sources was 
very poor and it was decided to augment the written and 
telephone requests made directly to patients by public 
notices. The notices briefly outlined the nature of the 
study and offered a small fee and expenses to the subjects 
who were chosen from those who applied. These notices were 
placed in various places - on hospital notice boards, clubs 
and works canteens etc. The best response came from 
notices placed in public libraries and at musical concerts.
All the headache sufferers who responded to the 
advertisements were sent questionnaires and many were 
interviewed, to explain more fully the object of the 
investigation procedures to be used and to involve the 
subject with the study. This established a sense of 
responsibility especially with the young subjects, put them 
at ease with the experimenter and reduce apprehension. 
After adopting this procedure, which was not done at the 
beginning of the study, attendance and punctuality notably 
improved.
It was thought that the control subjects would be 
obtained more easily. In the latter part of the series each 
migraine subject was asked to find an age matched control 
from among friends,
9,2 Selection
A copy of the questionnaire that was sent to all the 
subjects who volunteered for the study is contained in
Appendix B, It was developed at the Epidemological 
Research Unit (E.R.U.) Cardiff to determine the prevalence 
of headache and features of migraine in the general 
population. It had been clinically validated (Waters, 
1970; Waters and O'Connor, 1970) and had been used 
previously for selection of subjects for research studies 
on a migraine population (Debney, 1978),
The questionnaire was used to screen for classical 
migraine within the age range 15 to 55 years. The vast 
majority of replies were from non-classical migraine 
subjects. Subjects whose replies indicated that they were
suffering from classical migraine were contacted by 
telephone, letter or personal visit.
When the patients attended the Burden Neurological 
Institute (B,N,I,) for the recordings they were each asked 
a number of questions with regard to the disturbances they 
experienced during attacks, triggering factors, duration of 
attacks, length of history, therapy, family history, 
handedness, etc. Patients with a history of head injury or 
epilepsy were excluded from the study.
All the migraine subjects used in this study suffered
from classical migraine according to the criteria set down 
by the "Ad Hoc" Committee on Classification of 
Headache (1962), (Appendix A),
All migraine subjects who were accepted for the study 
had attended their general practitioner at some time in the 
past for migraine therapy; approximately 80% had been
referred to a consultant for opinion.
Forty five subjects with classic migraine were 
obtained. They were grouped according to sex and age and
the groups labelled accordingly :
Migraine subjects were labelled S
Control subjects were labelled C
Female subjects were labelled F
Male subjects were labelled M
Young subjects were lebelled Y (15 to 35 years)
Older subjects were labelled 0 (36 to 55 years)
For example MSY denotes the "male migraine young" group*
The numbers of subjects in each of the groups are 
shown in Table 9*1* Availability of subjects and the 
economics of laboratory time combined to promote the 
decision to use less control than migraine subjects* Every 
effort was made to apportion the control subjects to form 
as near a statistical balance as possible in each of the 
groups, but a compromise was necessary for the male 
population.
Selection of the control subjects to match the ages 
of the migraine subjects was achieved with reasonable 
satisfaction apart from the young male group (Table 9*2)*
9,3 ANALYSIS OF SUBJECT DATA
The distribution of hand dominance is shown in Table 
9,3, This was based on the subject's own assessment from 
consideration of writing, sporting and other everyday 
activities, but not by extensive testing. There was a 
significant difference between the control and migraine 
subjects (Table 9,3) the migraine subjects showing a higher 
incidence of left handedness (p < 0*01), Having regard for 
the low incidence of left handed people in the general
GROUPS CONTROL MIGRAINE TOTAL
YOUNG ( 15-35 yrs ) 11 (40% ) 17
CO 28
OLDER ( 36-55 yrs ) 16 ( 60% ) 28 (62% ) 44
27 45 72
FEMALE 17 (63% ) 32 (71% ) 49
MALE 10 (37% 13 (29% ) 23
27 45 72
YOUNG FEMALE
■ . . 7 (41% ) 13 (41% ) 20
OLDER FEMALE 10 (59% )■ 19 (59% ) 29
17 32 49
YOUNG MALE "  4 (’40% ).. " 4 (31% ). 8
OLDER MALE 6 (60% ) 9 (69% 15
10 13 23
Table 9.1 Numbers and Groupings of subjects.
CONTROL MIGRAINE
n Mean age n Mean age
YOUNG ( 15-35yrs ) 11 23.8
+ 5.8 17 26.3 + 6.7 28
OLDER ( 36-55yrs ) 16 42.6 + 5.9 28 43.8 + 6.5 44
YOUNG FEMALE 7 23.3 + 5.1 13 24.2
+ 5.8 20
YOUNG MALE 4 24.8 + 6.0 4 32.8 + 2.8 8
OLDER FEMALE 10 41.9 + 5.4 19 42.2 + 5.6 29
OLDER MALE 6 43.6 + 6.0 9 45.8 + 7.3 15
TOTAL SUBJECTS 27 34.9 + 10.9 45 34.8 + 10.7 72
Table 9.2 Age distribution
population the control population is very small. 
Nevertheless it is an interesting pointer to a notably 
higher incidence of left handed people in the migraine 
population.
The distribution of headache laterality is shown in 
Table 9.4 and length of history of migraine is presented in 
Table 9.5.
The subjects were also divided according to the 
number of attacks they had suffered. This division was not 
a simple one due to the considerable variability of the 
frequency of occurrence of attacks and lengths of history. 
The subjects were asked to rate their attacks according to 
a criteria which was adopted after discussion with a number 
of subjects over the difficulties of assessment. The 
criteria used was 2 or 3 attacks per year, 2 or 3 attacks 
per month (about 30 per year) and 1 or 2 attacks per week 
(about 78 attacks per year). The data obtained on this is 
presented in Table 9.5.
The number of attacks experienced by each subject was 
estimated from the information about frequency of attacks 
and duration of history. This was considered to be a more 
meaningful indicator than the maximum and minimum number of 
attacks suffered since the extremes would be vastly 
different making grouping difficult. The subjects were 
divided into 3 groups on the basis of the estimated number
of attacks suffered as follows (1) Less than 100, (2)
100 to 900, (3) more than 900 (Table 9.5).
The imbalance between the male and female populations 
with regard to duration of history should be noted. Only
males with longstanding history of migraine volunteered
HANDEDNESS
CONTROL MIGRAINE
LEFT HANDED 1 ( 4 % ) 13 ( 29% ) 14
RIGHT HANDED 26 (96% ) 32 ( 71% ) 58
TOTAL 27 45 72
X2 = 6.834 p <0.01
Table 9,3
LATERALITY of HEADACHE
Dominantly Left 15 ( 33% )
Dominantly Right 15 ( 33% )
Left or Right 10 ( 22% )
Bilateral 5 ( 11% )
Family History of Migraine 34/43 ( 79% )
Visual disturbances
during attacks 100%
Paraesthesia during attack 28/45 ( 62% )
Speech disturbances
during attacks 22/45 ( 49% )
Attacks triggered by
lighting factors 28/45 ( 62% )
Nausea during attacks 44/45 ( 98% )
Vomiting during attacks 29/45 ( 64% )
Table 9.4
MIGAINE HISTORY FEMALE MALE TOTAL
Duration
6 years or less 8 ( 25% ) 0 8 ( 18% )
Mean 4 years 4 years
More than 6 years 24 ( 75% ) 13 ( 100% ) 37 ( 82% )
Mean 20 years 26 years 22 years
FREQUENCY of ATTACKS
2 or 3 per year 7 ( 22% ) 6 ( 46% ) 13 ( 29% )
2 or 3 per month 17 ( 53% ) 5 ( 39% ) 22 ( 49% )
1 or 2 per week 8 ( 25% ) 2 ( 15% ) 10 ( 22% )
ESTIMATED NIM3ER OF 
ATTACKS
Less than 100 9 ( 28% ) 1 ( 8 % )  10 ( 23% )
Mean 29 55 32
100 to 900 15 ( 47% ) 5 ( 38% ) 19 ( 43% )
Mean 352 577 389i f
More than 900 8 ( ) 7 ( 54% ) 15 ( 34% )
Mean 1754 1667 1713
Table 9.5
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for the study whilst the female subjects with short history 
of migraine seemed more concerned and more available* The 
female population showed a greater frequency of attacks 
than the males and the the monthly cycle might have some 
influence on this (Table 9,5)* There was a notable 
disproportion of the numbers of attacks suffered between 
the sexes, with the male subjects showing greater numbers 
than the females* This was due, in part, to the long 
duration of the male histories.
All the migraine subjects had visual disturbances 
during their attacks, this was a criterion for selection.
The disturbances were part of the aura and often continued 
into the headache phase* Most (28) of the subjects had 
bilateral visual disturbances, 10 had left and 7 had right 
visual field disturbances* These varied from blurring of 
vision to total loss of vision in a part of the field* 
About 75% of the subjects had other sensory disturbances 
during the attacks, as shown in Table 9*4* Only one 
subject did not experience nausea during attacks and the 
majority of the patients vomited during some attacks*
Many factors acted as triggering agents but as this
was not a direct consideration of this study they are not
consideredf with one exception, that of lighting* This 
factor was considered to be relevant to the study and as 
can be seen from Table 9,4, 62% of the migraine subjects 
found light a significant stimulus for attacks* Car 
headlights, fluorescent lighting, flashing lights and 
bright sunlight frequently precipitated attacks.
None of the subjects had suffered an attack in the 6
days prior to the recordings, and only one subject was on
prophylactic therapy, pizotifen, Visual acuity of each eye 
was tested on the migraine and control subjects* All the 
subjects had acuity equal to or better than 6/9 for each 
eye, some using corrective lenses. Approximately 12% 
(4/32) of the female migraine subjects and 12% (2/17) of 
the female control subjects were on the contraceptive pill*
CHAPTER 10
RESULTS
10,1 THE ELECTRO-OCULOGRAM (EOG)
The EOG, which was described in section 4,1,1, 
examines the presynaptic function of the eye and provides a 
measure of the state of the first of a number of functions 
of the visual system.
The method used was basically that of Arden and
Kelsey (1962). The electrodes, the "slow potential" type 
described in section 5,2, were held in place with double 
sided adhesive discs. They were positioned at the bridge 
of the nose and at the left and right outer canthi.
The EOG from the outer canthi electrodes referred to
the bridge of the nose was recorded on two channels of the
EEG machine. The gain of the amplifiers was set to 50 
microvolts per centimetre, the low frequency filter to an 8 
second time constant and upper frequency filter to 70 Hz, 
(-3 db point).
The subject was asked to scan between the two red
neons (subtending an angle of 30 degrees at the eyes) at a 
rate of about 1 per second for 10 seconds. The mean 
amplitude values of the EOG was measured every 2 minutes 
for 12 minutes during dark adaptation and for 10 minutes 
after switching on the panel and room lights. The mean and 
SD values for the groups of subjects divided according to 
age and sex were analysed using 1t' test.
The EOG amplitude progressively diminished during the 
period of darkness, reaching its lowest value, the "dark
trough", about 12 minutes after the start of total 
darkness. Fig,10,1 shows the EOG of the left and right 
eyes of the normal subjects during dark and light 
adaptation and Fig,10,2 for the migraine subjects. In the 
normal group the EOG amplitudes of the left and right eyes 
are very similar whereas there is a greater interocular 
difference in the migraine group, notably at the peak of 
the light rise.
Figs,10.3 and 10,4 are derived from the EOG of each 
subject expressed as percentages of the value at the "dark 
trough". They show the mean and SDs of the percentage 
values obtained for each eye in the two groups of subjects. 
Following this normalisation at the "dark trough", there is 
little left and right asymmetry in the migraine group but 
the control subjects now show notable interocular 
differences, the left eyes showing a lower percentage 
"light rise" than the right.
Comparisons of the left and right eye responses 
between the control and migraine populations are shown in 
Tables 10,1, 10,2 and 10,3, The only significant difference 
shown between the groups was for the left eyes of the Young 
population. There were no significant differences related 
to age and sex (Tables 10,4 and 10,5). Interocular 
differences of the Young and Older migraine and control 
subjects were examined and no significant differences were 
found (Table 10.6), There were no significant interocular 
differences in , the male and female subject groups (Table 
10.7).
The times taken to reach the "dark trough" following 
turning off the lights and the times taken to reach the
 CO
CD
•H
-J OJ
00
 CD
C\l
 O
CO 
Ld 
1—  
ID
o O O o o o o O
LD O LD o LD CD LD o
LD LD ro ro CM CM
0
c
•H
CO
P
CO
•H
z: •
c
0 o
X •H
-u 4-)
roC- -u
O CL
ro
CO •a
0 ro
Z
i-l 4->
CO x
> CO
•H
CD i— 1
O
Ld X)
C■a CO
0
C0d£
ro Pi
p CO
0 ■a
>ro CO
c
0 •H
si P
h- z
TD
CNl CO• 4J
o a
r— 0
• •'—}
COX)
•H Z
u. CO
SlIDA-DdDIU
 o
— CO
CD
 CM
OJ
LD
\r
LD
ro
LD
CMLD CM
CO
Ld
Z)
to
4->o 
0 "l—5 
JO 
Z  (0
oPi
4JC
ou
CDX
U-
o
to0)
Z
Co■H 
to -U
>  CO 
4->
CO CL 
O  CO 
LJ T3 
COTO(D 4J 
CO JO 
CO CO p *H0 i—I
>
CO XJc0 ro
SZ
h-
PiCO
TO
O  CO 
r- C  • *H 
CO P  
•H 3L_ *a
SlIQA-DdOIU
 CO
 CD
 OJ
 O
CD
-M
cn
— \rCJ CJ
— o
OJ
3sia iHon x
 CO
w
CD
4J
 OJ
— o
*o
CO
•H •H
4-3 4-3
U-
CJCJ
 OJ
— o
o o
c o o  
ro oj -i
3SIU 1 H D I 1  X
MI
NU
TE
S 
MI
NU
TE
S
Fi
g.
10
.3
 
Me
an
 
an
d 
sd 
EO
G 
va
lu
es
 
no
rm
al
is
ed
 
at
 
th
e 
da
rk
 
F
i
g
.
10
.4
 
Me
an
 
an
d 
sd 
EO
G 
va
lu
es
 
no
rm
al
is
ed
 
at
 
th
e 
tr
ou
gh
. 
da
rk
 
tr
ou
gh
.
LIGHT RISE
m ____
TOTAL POPULATION
LEFT EYES RIGHT EYES
m sd n m sd n
CONTROL 226 29.7 27 234 37.6 27
MIGRAINE 247 53.9 45 250 55.5 45
t 1.86 1.30
Table 10.1
LIGHT RISE YOUNG POPULATION
LEFT EYES RIGHT EYES
OLDER POPULATION
LEFT EYES RIGHT EYES
(SO m sd n m sd n m sd n m sd n
CONTROL 222 27.9 11 231 43.0 11 228 31.7 16 237 34.4 16
MIGRAINE 253 42.0 17 252 47.4 17 243 60.8 28 249 60.7 28
t 2.1 * 1.22 0.93 0.71
Table 10.2i
* = P <0.05
LIGHT RISE 
(SO
YOUNG
LEFT EYES 
m sd n
FEMALES
RIGHT EYES 
m sd n
YOUNG
LEFT EYES 
m sd n
MALES
RIGHT EYES 
m sd n
CONTROL 219 32.4 7 229 44.8 7 229 32.6 10 238 36.1 10
MIGRAINE 254 48.2 13 258 53.2 13 247 26.1 4 233 30.0 4
t 1.71 1.22 0.98 0.24
Table 10.3
LIGHT
RISE
(SO
• CONTROL POPULATION MIGRAINE POPULATION
J LEFT EYES RIGHT EYES LEFT EYES I RIGHT EYES
• m sd n m sd n m sd n • m sd n
{ 222 27.9 11 231 43.0 11 253 42.0 17 5 242 47.4 17
; 228 30.7 16 237 . 33.3 16 243 59.7 28 . 249 59.6 28
•’ 0.45 •1
0.43 0.58 * 0.20  
I
YOUNG
OLDER
t
Table 10.4
LIGHT
RISE
(SO
CONTROL POPULATION MIGRAINE POPULATION
LEFT EYES RIGHT EYES LEFT EYES 5 RIGHT EYES
m sd n m sd n m sd n • m sd n
225 30.9 17 235 37.6 17 239 48.9 32 , 245 1 52.9 32
226 27.5 10 234. 37.5 10 226 60.3 13 I 264 59.0 13
0.11 0.01 1.62 ! 1.1i
FEMALE
MALE
t
Table 10.5
LIGHT
RISE
(SO
CONTROL POPULATION MIGRAINE POPULATION
YOUNG OLDER YOUNG i OLDER 
— — ______  _ # _
m sd n m sd n m sd n ! m sd n
LEFT EYES 
RIGHT EYES 
t
222 2(7.9 11 
231 43.0 11 
0.54
22B - 30.7 16 
237 33.3  16 
0.83
— — — ———————— — — — — — — — — — — — —
253 42.0 17 1 243 59.7 28 
252 47.4 17 j 249 59.6 28 
0.02 1 0.37
Table 10.6
LIGHT
RISE
(%)
CONTROL POPULATION MIGRAINE POPULATION
FEMALES MALES FEMALES MALES
m sd n m sd n m sd n m sd n
LEFT EYES 225 30.9 17 226 27.5 10 239 48.9 32 266 60.3 13
RIGHT EYES 235 38.3 17 234 37.5 10 245 52.9 32 264 59.0 13
t 0.79 0.55 0.47 0.10
Table 10.7
LIGHT Time to  Peak (mins)
1• Time to Trough (mins)
RISE LEFT EYES RIGHT EYES «1 LEFT EYES i RIGHT EYES
(S) m sd n m sd n • m sd n 1 m sd n
CONTROL 7.63 1.44 27 7.56 1.13 27 ! 11.11 1.47 27 1. 11.11 1.83 27
MIGRAINE 7.2 1.29 45 7.33 1.4 « ! 11.02 1.5 45 ; 10.67 1.69
45
t 1.29 0.71 }
«I
0.25 1
!
1.02
Table 10.8
peak "light rise" taken from the "dark trough" were 
analysed. No significant differences were shown (Table 
10,8),
10,2 FLASH ERG (FERG)
The ERGs evoked by flashes were measured during dark
and light adaptation using 'Burden type' electrodes
attached by double sided adhesive discs to the skin,
infraorbitally, one for each eye. The centre of each 
electrode was placed on a vertical plane passing through 
the centre of each pupil when the subject was fixating on a 
point 30 cm directly in front. The upper edges of the 
electrodes were at the level of the margin of the 
infraorbital bone. Electrodes were attached to each outer 
canthus and to the bridge of the nose. Left and right 
linked mastoid electrodes were used as a reference.
Simultaneous recordings were made of the FVEP from
electrodes at Oz, 5cm to the left (L5) and 5cm to the right 
(R5), Each of these electrodes was referred to Fz, The 
FVEPs will be described later.
The gain of the EEG amplifiers was set to 100 
microvolts per cm. The time constant was 0,3 sec and the 
upper frequency limit 2,000 Hz (-3db), Averages were made 
of 100 responses. The averaged activity for 100 msec 
preceding the stimulus was used as a baseline. Flashes 
were presented at the rate of 1 per second. The lamp was 
placed 30 cms in front of the subject in a position such 
that when fixating on the centre of the lamp the lower edge 
of the iris was level with the lower eye lid.
The subjects were adapted to room lighting for 15
minutes before the examination was commenced and a test 
trial was then performed with the room lights on to 
familiarise the subject with the procedure and to check the 
system. Averaging was not commenced until the 6th flash to 
allow time for the pupil to establish a steady diameter. 
The position of the pupils were monitored throughout by an 
infra red camera.
After the initial test the room lights were switched 
off and two averages collected. Following a period of 5 
minutes in darkness another two sets of averages were
collected. The room lights were turned on and the
procedure repeated.
The grand averages of the FERGs taken in scotopic and 
photopic conditions are shown in Fig,10,5, The FERGs of the 
migraine and control groups are superimposed, with vertical 
offset to assist identification. The FERGs taken within 3,5 
mins of switching off the lights (Dl) and between 8,5 and 
12 mins of darkness (D2) show typically normal large 
amplitude 1 b' waves. The responses recorded under photopic 
conditions, within 3,5 mins of switching off the lights 
(LI) and between 8,5 to 12 mins of light adaptation (L2) 
are normal for both groups of subjects. The mean and 
standard deviation latency values of the 'a' and 'b' waves 
in the different conditions are shown for each of the 
groups in Table 10,9, The amplitudes are shown in Table 
10,10,
The group statistics showed no significant
differences in any of the phases of light and dark 
adaptation for either the latency or amplitude measures of 
the 'a' and 'b1 waves of the ERG, The measures of
LEFT ERG RIGHT ERG
•256 msec
Fig.10.5 Left and Right ERGs (infraorbital) referred to linked mastoids. 
Grand averages of the MIGRAINE (thick) and CONTROL (thin) subjects are shown 
in the different adaptation conditions.
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It is realised that the term dark adaptation refers to the state 
at the onset of flicker and thereafter adaptation will not be 
complete.
adaptation in the two groups were very similar.
10.3 REPETITIVE FLASH ERG (RFERG)
The ERGs to repetitive flash were recorded from 
infraorbital skin electrodes as previously described. The 
left infraorbital electrode was referred to the left outer 
canthus and the right infraorbital electrode was referred 
to the right outer canthus and to the balanced noncephalic 
reference (NC), The subjects were seated in a reclining 
chair in dim background lighting (dim B/L), The flash tube 
was placed approximately 30 cm in front of the subject's 
eyes. The subject was adapted to the dim lighting for 15 
minutes. Bi-ocular stimulation was presented with the 
subject's eyes open and fixating on a small spot at the 
centre of the flash tube diffusing screen.
The recordings were made using a gain of 50 
microvolts per cm with the upper frequency limit at 2 KHz 
and time constants of 0,3 secs. The computer sampling 
period was automatically adjusted to collect 8 responses, 
as described in section 8,2; 50 epochs were averaged and 
stored on magnetic tape. This procedure was done for each 
of the stimulus frequencies 4, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34, 
36, 38, 40, 44, 48, 55, 60, 70 and 80 flashes per second
(f/s), Automatic rejection was used to eliminate movement 
contaminated trials.
The 3 channel averages of the RFERGs (left and right 
referred to outer canthi (Oc) and right referred to NC) 
recorded from each subject as described previously were 
plotted and examined. The grand average waveforms for the
1 4 6
groups for left and right eye responses (referred to Oc) to 
4f/s are shown in Fig.10,6. The response of the control 
and migraine groups are offset as they are almost 
identical.
Figs,10.7, 10,8 and 10,9 present the overall picture 
of the changes in the RFERG waveform that occurred as the 
stimulus frequency was increased, A single channel, right 
eye referred to NC, is presented and the group responses 
are shown superimposed and offset. Clear changes of 
waveform, amplitude and frequency occur as the stimulus 
frequency is increased but the similarity of waveform and 
amplitude of the responses of the two groups persist
throughout the entire range.
More complex forms of spectral and phase analyses 
were done which revealed interesting aspects of the visual 
system however, since no significant differences were shown 
between the migraine and control groups they will not be 
considered further in this thesis,
10,4 FLASH VISUAL EVOKED POTENTIALS (FVEP)
As mentioned in section 10,2, VEP recordings were 
taken simultaneously with those of the FERG study. The VEP 
recordings were from Oz, R5 and L5 locations referred to
Fz, As previously described the subjects were adapted to
room lighting for 15 minutes and then presented with 2 sets 
of 100 flashes at the rate of 1 f/s in darkness. After a 
further five minutes in darkness without stimulation two 
more sets of flashes were presented. The room lights were 
switched on and the procedure repeated.
The grand average responses for the whole of the-
RIGHT ERG
4 F L A S H E S  PER S E C O N D  
(2 S E C O N D  E P O C H )
Fig.10.6 RFERGs of Control (thin lines) and Migraine (thick lines) 
subject groups (offset).
4 HZ 11 HZ
6 HZ 12 HZ
7 HZ 13 HZ
8 HZ 14 HZ
9 HZ 15 HZ
10 HZ 16 HZ
Fig. 10*7 RFERG group averages (offset). Control (thin) Migraine (thick).
17 HZ 26 HZ
18 HZ 28 HZ
19 HZ 30 HZ
20 HZ 32 HZ
22 HZ 34 HZ
24 HZ 36 HZ
Fig. 10.8 RFERG group averages (offset). Control (thin) Migraine (thick).
38 HZ 55 HZ
AAfWWV'
40 HZ 60 HZ
44 HZ 70 HZ
48 HZ
r ~
20 microvolts
80 HZ
jk—  Epoch of 8 Flashes
Fig.10.9 RFERG group averages (offset). Control (thin) Migraine (thick).
control group were examined and the components labelled 
according to the nomenclature of Harding (Fig,4,4), Peak 
amplitudes and latencies of 5 prominent components were 
measured for each of the dark and light adaptation 
situations. Mean and standard deviation values were 
computed for the different groups of subjects. Two sets of 
averages were taken for each stage of adaptation, e,g, 
within 3,5 minutes of turning off the room lights, to 
establish the reproducibility of the response rather than 
to explore any differences within the 3,5 minute periods 
and the measurements taken of the pairs of sets were 
combined. These have been labelled
0 to 3,5 minutes of dark adaptation 'Dl'
8.5 to 12 minutes of dark adaptation 'D2'
0 to 3,5 minutes of light adaptation 'LI'
8.5 to 12 minutes of light adaptation 'L2'
Group averages were also made for the FVEPs recorded 
in the 'dim B/L' situation and compared with those obtained 
during dark and light adaptation. The electrode montage 
for the 'dim B/L' situation, although including an Oz-Fz 
recording, uses a balanced non-cephalic reference (NC) for 
most channels. Where comparisons are made here the 
derivations will be quoted.
The averaged responses of the control subject group 
recorded from the L5, Oz and R5 electrodes (referred to Fz) 
in each of the dark and light conditions, are shown in 
Fig.10,10, The early components of the responses from each 
of the electrodes in all of the conditions were similar as 
were the components evoked in the light adaption situations 
(LI and L2), There was a notable increase of the standard
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deviation of the later components in the dark adapting 
situations (Dl and D2), Averaged responses of the migraine 
subject group in the same conditions are shown in Fig,10,11 
and can be seen to be somewhat similar to the controls. 
There are clear differences of waveform between the 
responses evoked in the dark and light adaption conditions 
in both groups of subjects.
Super imposition of the averaged FVEPs of each group 
(Fig,10,12) show that the early components of the responses 
are very similar in the two groups. However the late 
negative component evoked in the dark adaption condition 
appears to be delayed in the migraine group and the 
amplitude of the same component evoked in the light 
adapting conditions appears to be smaller in the migraine 
group than in the control group.
Fig,10,13 demonstrates the nomenclature used for the 
components of the FVEP and identifies the 5 major 
components (Nl, PI, N2, P2, N3) of the response in the dark 
adapting and light adapting conditions. These components 
are clearly identified in the group averages in both 
conditions.
The amplitudes and latencies of the 5 components were 
measured and the mean and standard deviation values derived 
for the two groups. Table 10,11 shows the mean and standard 
deviation values of the latencies to the peaks of the P2 
and N3 components recorded from the occipital electrodes 
(referred to Fz) in the 'C' and 'S' subject groups in the 
different adaption conditions. The latencies of responses 
recorded in the D and L conditions showed significant 
differences,
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Fig.10.13 Grand averages of the FVEPs of the control subjects evoked 
in dark adaption (a) and light adaption (b) conditions. The nomenclature 
of the 3 major components was adopted according to Harding (1974).
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Table 10,12 presents the latencies of the responses 
in the D1 condition in the two groups. It shows a slightly 
shorter latency of the PI component in the 'S' group and 
this reaches a significant level (p < 0,05) at the L5 
electrode. However, significant differences of the PI 
component were not found in many measurements and this
significant finding should be viewed with caution. The N3 
component in the migraine group was longer in latency than 
in the control group and the difference was significant at 
each of the 3 electrodes. No significant differences of 
amplitude of any of the components was shown between the 
groups. In the later stages of dark adaptation (D2), no 
signficant differences were found between the two groups of 
subjects (Table 10,13),
The mean amplitude values of the N3 component in the 
light adaption conditions, Ll and L2 shown in Tables 10,14 
and 10,15 were smaller for the migraine subjects than the 
control subjects, as the responses shown in Fig,10,12
indicated but the differences failed to reach significance. 
Further analysis was made of the data that showed 
significant differences between the groups to seek 
significant contributing factors. The N3 component latency 
was examined for relationship with the age of the subjects 
in the Dl, D2, Ll and L2 conditions.
Table 10,16 shows significant differences of the N3 
component latency, recorded in the Dl, D2, Ll, and L2 
conditions, between the 'CY' and 'SY1 groups. In young
people the significant differences are not confined to the 
Dl conditions, as they are for the total 'C* and 'S'
populations. The differences between the 'C' and ,S'
LATENCY (m sec)
1 N1 P i N2 P2 N3
! [>i
1---
1 m sd n m sd n m sd n m sd n m sd n
C 137.0 ft.O 26 6 6 .8 7.3 27 85.5 7.1 25 113.0 8.7 26 167.4 17.6 23
I L5 S 136.8 2.9 ftft 63.5 4.5 39 85.3 5.4 39 111.8 9.1 42 178.5 19.7 41
t I 0.27 2.11 • 0.14 0.54 2.26 •
C 137.0 3.9 27 6 6 .0 5.5 27 84.7 4.1 26 111.3 8 .2 27 164.3 2 0 .2 24
lOz s 137.3 3. ft 45 65.0 4.2 42 84.9 5.4 44 111.5 9.1 44 177.3 21.3 40
t I 0.33 0 .8 6 0.19 0.08 2.41 *
c 137.0 3.8 27 65.7 6.3 27 84.2 5.9 25 111.5 8.3 27 165.8 19.7 24
IRS s 136.9 3.1 44 64.1 4.0 42 84.8 5.6 41 111.8 9.7 43 179.2 21.5 42
t i 0.0ft 1.28 0.41 0.16 2.50 *
AWLnuDE_(juy)
D,
Ml P i N2 P2 M3
m sd n * m sd n m sd n m sd n I m sd n
C 3.4 1.8 26 i 2.9 2.9 27 4.1 4.6 25 7.5 4.7 26 I 5.3 7.2 23
LS S 3.5 1.6 44 l 3.4 4.4 39 5.2 5.2 39 6.5 6.1 42 l 4.8 5.3 41
t 0.33 0.49 0.86 0.72 0.30
c 3.7 2.7 27 l 5.1 3.5 27 2.7 5.4 26 . 9.8 6.0 27 I 2.5 7.8 24
Oz s 4.0 2.3 45 l 5.2 5.9 42 4.5 5.8 44 9.0 8.0 44 I 2.0 5.9 40
t 0.62 0.04 1.24 0.45 0.28
c 3.3 1.9 27 I 2.9 2.7 27 3.2 4.4 25 7.6 5.4 27 I 4.9 7.7 24
RS s 3.1 1.8 44 I 3.7 4.6 42 4.5 4.8 41 7.4 5.7 43 i 4.4 4.9 42
t 0.39 0.74 1.10 0.11 0.28
Table 10.12 Total population (D. conditions) * = p 0.05
** = p 0.01
*** = p 0.001
LATENCY (msec)
Ml P i N2 P2 M3
lU2 1 m sd n m sd" n • m ■* sd n m' sd n m sd n‘ j
c 137.6 4.7 27 66.3 5.5 25 84.6 5.2 25 113.0 11.0 26 173.9 14.4 26 |
ILS 8 «37.7 3.2 45 65.8 5.3 39 84.2 6.6 39 113.0 10.6 45 178.8 15.8 41 ]
t l 0.04 0.37 0.29 0.02 1.29
c 137.4 4.6 27 66.4 5.1 26 86.1 3.8 25 111.4 9.9 26 175.4 12.7 25 j
lOz 6 138.3 4.0 45 67.4 4.4 43 •85.2 6.1 41 111.3 9.6 44 174.5 17.2 41 1
t 1 0.9 0.9 0.68 0.05 0.21
C 137.5 4.5 27 67.2 6.4 25 86.0 5.0 25 112.4 10.0 26 172.8 18.2 26 |
IRS 8 137.6 3.6 45 66.7 5.0 40 84.7 6.7 41 111.3 9.2 44 175.8 18.0 42 [
t ' 0.08 0.37 0.81 0.44 0.67
AMPLITUDE (jjV)
Ml P i N2 P2 N3
l D2 i m sd  ' n m sd n m sd n m sd n ■ m *• sd n - i
C i 4.1 2.1 27 2.0 3.2 25 6.0 5.5 25 5.6 4.6 26 7.5 7.9 26 j
Its 8 I 3.7 2.0 45 2.9 4.6 39 5.2 4.4 39 5.5 5.1 45 7.6 9.8 41 1
t I 0.96 0.83 0.59 0.13 0.03
C ' 4.1 2.6 27 4.7 4.0 26 4.3 6.6 25 9.2 5.5 26 4.9 8.5 25 j
lOz s l 4.4 2.7 45 4.8 5.7 43 4.3 5.5 41 9.1 6.8 44 4.2 10.1 41 ]
t • 0.48 0.1 0.02 0.05 0.28
c • 3.6 2.0 27 2.1 3.0 25 5.0 5.1 25 6.2 5.1 26 7.1 8.7 26 j
IRS s l 3.3 1.8 45 3.0 4.6 40 4.3 4.3 41 6.0 5.1 44 6.9 9.9 42 1
t 1 0.67 0.91 0.61 0.1 0.09
Table 10.13 Total population (D^ conditions)
LATENCY (m sec)
L 1
1 MX PX N2 P2 N3
1----------
I m - sd n m ■ sd n m sd n m sd n m sd n
C 135.3 2.5 26 68.2 4.7 24 85.6 5.3 24 106.9 5.5 27 140.2 6.7 27
113 S
t
136.4 
' 1.59
3.1 45 68.0
0.17
3.9 39 86.2
0.48
5.1 41 107.3
0.29
6.3 43 139.8
0.20
8.5 44
C 136.1 4.3 27 68.0 3.7 25 86.0 4.2 25 107.6 5.6 26 138.2 6.4 26
lOz s
t
'36.7
i
I 0.71
3.3 43 67.3
0.80
3.5 42 86.4
0.34
4.8 42 107.7
0.06
6.9 45 138.9
0.31
9.2 44
c >35.9 2.4 26 68.4 4.2 25 86.8 5.5 25 106.9 5.7 26 141.1 7.4 27
IRS s
t
136.2 
' 0.55
2.5 45 67.5
0.9
4.0 42 86.5
0.24
4.9 42 107.0
0.08
6.8 45 138.4
1.48
7.7 45
AMPLITUDE (p V )
I N1 Pi N2 P2 M3
i m sd n. m sd n m sd n m sd n m sd n
c i 2.4 1.3 26 3.6 2.0 24 1.8 2.9 24 5.7 3.1 27 6.1 4.6 27
IL5 s
t
i 2.0 
l
I 1,3
1.1 45 4.6
1.1
3.6 39 1.0
0.93
3.1 41 6.6 
• 0.94
4.3 43 4.9
1.17
3.8 44
c » 2.5 1.7 27 6.1 3.5 25 1.6 3.6 25 7.8 3.1 26 3.6 5.6 26
lOz s
t
I 2.5
I
I 0.03
1.4 43 5.5
0.48
4.8 42 1.8
0.13
5.2 42 9.1
1.11
6.0 45 2.8
0.73
4.5 44
c I 1.9 1.4 26 4.6 2.4 25 0.5 2.4 25 6.9 2.6 26 5.3 4.9 27
IRS 8
t
! 1.7 
I 0.41
1.1 45 4.4
0.27
4.0 42 0.3
0.99
3.3 42 7.1
0.29
3.8 45 3.9
1.35
3.4 45
Table 10.14 Total population (L^  conditions)
LATENCY (msec)
I 1 N1 PX N2 P2 M3
L2 i m sd n m sd n m sd n m sd n m sd n i
1 c 135.6 2.5 27 66.1 3.9 25 85.4 4.5 25 107.4 5.8 27 139.6 5.6 27 i
IL5 S 136.0 3.0 44 67.0 4.4 39 86.2 4.4 41 106.5 7.5 44 137.9 8.6 44 i
1 t ! 0.63 0.82 0.73 0.56 0.90
1 C 135.7 2.6 27 66.2 3.2 25 86.4 4.7 25 107.9 5.6 26 139.2 5.2 27 I
lOz S 136.5 4.2 44 67.6 4.0 42 85.6 5.3 41 107.2 7.7 45 137.2 8.8 44 i
1 t  
1 — —
I 0.88 1.44 0.67 0.49 1.18
1 c 135.8 2.7 27 68.0 3.9 26 87.0 5.2 26 107.3 6.3 27 140.4 6.7 27 i
IRS S |36.0 4.0 44 68.2 4.4 43 86.1 5.7 39 106.7 7.5 43 137.6 8.1 48 I
i i I 0.24 0.22 0.66 0.38 1.50
AMPLITUDE (/JV) - i
NX PX M2 P2 N3 i
! L2 i m sd n i m sd n m sd' n m sd n • m sd n I
1 c ' 2.6 1.2 27 • 3.6 2.0 25 2.3 3.9 25 5.8 3.5 27 6.5 4.5 27 i
IL5 S I 2.4 1.2 44 I 4.7 3.7 39 1.8 3.7 41 6.2 4.4 44 4.9 4.0 44 I
1 t I 1.03 1.39 0.52 0.36 1.55 I
1 C I 2.7 1.7 27 1 6.5 3.9 25 1.8 5.1 25 7.6 3.8 26 4.0 5.4 27 •
lOz S l 3.0 1.8 44 l 6.1 5.2 42 2.7 4.9 41 8.5 6.3 45 2.6 4.6 44 l
1 t I 0.65 0.36 0.73 0.78 1.18
I
l
1 C 1 2.2 1.6 27 i 4.7 2.2 26 1.1 3.7 26 6.7 3.2 27 5.7 4.9 27 l
IRS S l 1.9 1.2 44 l 4.8 4.2 43 1.4 2.9 39 6.8 4.3 43 4.0 3.9
l
45 1
1 t l 0.79 0.16 0.39 0.18 1.69
1
1
Table 10.15 Total population (L^ conditions)
groups of the Young population contained in Table 10,16 is 
portrayed by the averaged FVEPs shown in Fig,10,14, The 
greatest differences between the two groups of subjects
appears at about 160 rasecs latency in the Dl and D2
conditions. The N3 component appears with shorter latency 
in the 'CY' group than the 'SY' group. In the Ll and L2 
conditions the N3 component! shows shorter latency in the young
|migraine group._____ ___ ____
Table 10,17 shows that in the older population no 
significant differences exist between migraine and control 
subject groups in any of the adaptation conditions. 
Further analysis of the data for age effects will be
described later.
The N3 latency data were also explored for 
differences between the sexes in each of the adaptation 
conditions. No significant differences were found in the 
female population between the 'C and 'S' groups, as can be 
seen from Table 10,18, The N3 latency was significantly 
longer in the male migraine group than the male control
group as presented in Table 10,19,
In some conditions, particularly during the dark 
adaptation, subjects found it difficult to avoid blinking 
and the possibility exists that the differences of the N3 
component between the groups might be due to eye blink 
artefact time locked to the stimulus and picked up at the 
Fz reference electrode. This was investigated by 
procedures described in Appendix D and since it was 
difficult to exclude the possibility it was decided not to 
include the N3 component evoked in the dark adaption 
conditions in further analysis. There was no evidence to
LATENCY ( msec)
3 D l D2 L l L2
m sd n m sd r« ni sd n IT) sd n
C 161.0 20.1 9 164.3 12.2 10 141.2 8.3 11 140.0 6.6 11
L5 S 182.8 17.7 14 178.8 17.9 16 134.9 6.0 16 132.4 5.6 16
t 2.73 * 2.25 * 2.28 * 3.2
C 155.6 21.5 10 166.0 11.1 9 139.3 9.2 10 140.7 6.1 11
Oz S 186.3 19.2 14 172.3 16.4 15 133.9 5.4 16 131.3 6.1 16
t 3.68 1.01 1.89 3.97
C 153.9 18.8 9 159.7 18.1 10 143.6 9.5 11 142.8 8.2 11
R5 S 188.1 17.5 14 179.3 17.5 15 136.5 7.7 17 134.3 8.0 17
t 4.44 2.7 * 2.20 * 2.72 *
Table 10.16 * = p < 0.05
* *  = p <  0.01 
* * *  r  p <  0.001
LATENCY (msec)
"3 D l 1« D2 L l L2
in sd n 1 III sd n m sd n in sd ri
C 171.4 15.1 14:179.9 12.6 16 139.5 5.6 16 139.3 5.0 16
L5 S 176.3 20.6 27:178.8 14.7 25 142.6 8.5 28 141.0 8.5 28
t 0.79 : 0.23 1.29 0.75
C 170.5 17.3 14:180.6 10.5 16 139.6 4.1 16 138.1 4.3 16
Oz S 172.5 21.2 26* 175.8 17.9 26 141.7 9.8 28 140.6 8.4 28
t 0.77 ! 0.98 1.94 1.31
C 173.0 17.1 15:180.9 13.1 16 139.4 5.1 16 138.7 5.1 16
R5 S 174.8 22.2 28{ 173.9 18.3 27 139.6 7.5 28 139.6 7.6 28
t 0.8 ! 1.36 0.09 0.43
Table 10.17
Table 10.16 Comparison of latencies of the component recorded from 
the young migraine (S) and young control (C) subjects in each of the 
adaptation conditions (D1,D2,L1 and L2).
Table 10.17 shows the same comparisons as Table 10.16 for the older 
populations.
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LATENCY
N3 D l D2 L l ( L2
1 ___
m sd n m sd n m sd n J m sd n
1
C 170.8 16.3 13 175.4 15.4 16 140.9 6.1
— a ———— 
19 *139 .9
f
5 .2 17
L5 S 176.9 21.1 29 180.0 17.4 29 139.3 8 .7 31 J137.4 8 ,9 31
t 0.92 0.87 0.69 S 1.07
C 166.8 20.5 14 176.5 13.8 15 139.1 7 .3 16 1139.6 4 .7 17
Oz S 176.6 23.3 28 176.0 16.6 29 137.9 9 .6 31 1136.5 9 .3 31
t 1.34 0.1 0.45 ! 1 .52
C 168.7 19.0 14 174.8 19.4 16 140.9 6 .3 17 *140 .5 4 .7 17
R5 s 178.2 21.3 29 178.5 17.1 30 137.1 7 .3 32 «136.8 8 .5 32
t 1.42 0 .67 1.85 • 1 .94
Table. 10.18 Compares the latencies of the N3 component recorded from the 
female migraine subject group (S) with those of the female 
control group (C) in each of the adaptation conditions 
(D1, D2, L1 and L2)
LATENCY
N3 Dl D2 L l L2
m sd n in sd n m sd n m sd n
C 162.9 19.0 10 171.4 13.1 10 138.9 7 .9 10 139.0 6 .5 10
L5 S 182.6 16.0 12 176.1 11.5 12 141.0 8.1 13 139.2 7 .8 13
t 2 .64 * 0 .9 0.62 0 .05
C 160.8 20.2 10 173.6 11.4 10 136.8 4 .7 10 138.4 6 .0 10
Oz S 178.9 16.6 12 170.8 19.0 12 141.2 8 .2 13 138.8 7 .9 13
t 2.31 * 0 .4 1.50 0 .12
C 161.8 21.0 10 169.5 16.5 10 141.4 9 .3 10 140.2 9 .5 10
R5 S 181.4 22.7 13 168.9 19.1 12 141.7 7 .8 13 139.5 7 .0 13
t 2.12 * 0 .08 0.08 0 .19
Table. 10.19 Shows similar comparisons to Table 10.18 for the male 
population ' (* = p < 0.05)
indicate that eye blink artefact presented a problem when 
the stimulus was presented in light adapting conditions and 
the N3 component evoked in these conditions was included in 
the analyses that follow#
Age Effects
All components of the FVEP were examined for age 
effects# The responses evoked during dark adaption were 
not included for the reasons described in the previous 
paragraph#
Table 10#20 compares the mean and standard deviation 
of latency and amplitude of the five major components of 
the FVEP, recorded from the young and older control 
subjects in the Ll adaptation condition# The mean value of 
the P2 component latency is shown to be 5,3 to 6#5 msecs 
(mean 5#9 msecs) longer, depending on the recording site, 
for the older population than the younger one# The 
difference is significant at each of the three occipital 
electrodes. The only significant difference of amplitude 
between the groups was the PI component at L5 and this was 
considered a chance occurrence# Table 10#21 shows that 
after longer adaptation to light (condition L2) the 
differences of latency of the P2 component fail to maintain 
significant levels although the mean latencies for the 
older subjects tend to remain larger than those of the 
young ones# There are no significant differences of 
amplitude of any of the components in the young and older 
control subjects in the L2 conditions#
The migraine subjects were analysed for age effects# 
Tables 10,22 and 10#23 show the N2 component latency to be
i.n i L n u  i \ m o c t  /
, 1 N1 Pi N2 P2
N3
! 1 m sd n m sd n m sd n 1 m sd n 1 m sd n 1
i t 35.0 2.9 10 68.4 4.5 9 87.3 4.6 9 1103.7 5.3 11 1141.2 8.3 11 i
IL3 0 35.4 2.3 16 68.0 5.0 15 84.5 5.6 15 I 109.0 4.6 16 I 139.5 5.6 16 i
I t 0.43 0.22 1.26 I 2.74 * ! 0.63
1 T 36.4 4.9 11 67.8 3.7 9 85.4 5.3 9 i 103.6 4.8 10 l 139.3 9.2 10 I
oHO 35.9 4.0 16 68.2 3.8 16 86.3 3.6 16 I 110.1 4.7 16 l 137.6 4.1 16 i
i t 0.20 0.26 0.45 ! 3.39 « ! 0.66
1 Y 36.0 2.5 10 68.8 5.1 9 87.0 7.6 9 I 103.2 6.0 10 1143.6 9.5 11 i
IRS 0 35.8 2.5 16 68.3 3.7 16 86.6 4.2 16 l 109.1 4.2 16 I 139.4 5.1 16 i
1 t 0.25 0.30 0.14 i 2.99 *** ! 1.52
AMPLnUOE^ V)
. I NX Pi i N2 P2 N3 1
| L1 1 m sd n m sd n I m sd n I m sd n m sd n I
1 Y 1 2.6 1.8 10 4.8 2.0 9 l 0.5 2.8 9 I 5.1 3.6 11 5.4 4.3 1 11
IL5 0 i 2.3 1.0 16 3.0 1.7 15 1 2.6 2.8 15 I 6.2 2.7 16 6.6 4.9 16 |
1 t i 0.58 2.36 * l 1.73 i 0.86 0.67 l
1 Y i 2.6 2.0 11 6.4 3.3 9 l 0.8 4.2 9 i 7.9 3.4 10 3.5 5.7 101
lOz 0 1 2.5 1.6 16 5.9 3.7 16 j 2.1 3.2 16 | 7.8 3.1 16 3.7 5.7 161
1 t • 0.23 0.36 I 0.88 l 0.12 0.10
I
I
1 Y 1 2.2 2.0 10 5.3 1.9 9 1+0.3 2.4 9 l 6.7 2.9 10 5.7 3.7 111
IRS 0 i 1.6 0.8 16 4.2 2.5 16 I 0.9 2.4 16 1 7.0 2.5 16 4.9 5.7 16!
1 t I 0.93 1.16 I 1.29 , 0.35 0.38
I
I
Table 10.20 (* = P <0. 05, * *  = p <0.01, *** = P <0.001)
LATENCY (msec)
! U Hi Pi I N2 P2 N31 L
■ m sd n m sd n 1 m sd n i m sd n m sd n •
1 Y | 36.3 2.6 11 66.7 3.3 10 [86.0 4.5 9 |105.1 6.7 11 140.0 6.6 11 |
ILS 0 135.1 2.4 16 65.7 4.3 15 185.1 4.7 16 1109.1 4.5 16 139.3 5.0 16 i
1 t i 1.18 0.60 l 0.49 l 1.84 0.34
1 Y 136.0 2.5 11 65.8 3.3 10 185.6 6.0 9 1105.7 6.9 10 140.7 6.1 11 i
lOz 0 
1 t
135.5 
j 0.48
2.7 16 66.5
0.50
3.3 15 186.4 
| 0.09
4.0 16 1109.3 
j 1.66
4.2 16 138.1
1.33
4.3 16 i
1 Y t 36.2 2.8 11 68.3 4.8 11 186.9 6.8 10 1104.4 7.7 11 142.8 8.2 11 i
IRS 0 I 35.6 2.6 16 67.8 3.2 15 l 87.1 4.2 16 1109.4 4.2 16 138.7 5.1 16 i
I t I 0.59 0.28 l 0.08 I 1.97 1.62
AMPLITUDE (pV)
' L<7
N1 Pi N2 P2 N3
1 2 m sd n m sd n m sd n m sd n m sd n i
1 Y 3.0 1.1 11 3.6 2.6 10 1.6 3.8 9 4.4 3.4 11 7.1 4.2 11 |
ILS 0 2.4 1.3 16 3.6 1.7 15 2.7 4.0 16 6.9 3.3 16 6.1 4.8 16 |
1 t 1.25 0.05 0.73 1.91 0.59
1 Y 3.0 1.9 11 5.7 3.6 10 1.2 5.0 9 6.7 3.8 10 4.4 5.4 11 I
lOz 0 2.5 1.6 16 7.1 4.2 15 2.1 5.3 16 8.1 3.8 16 3.7 5.5 16 |
1 t 0.70 0.83 0.42 0.% 0.33
1 Y 2.5 2.1 11 4.2 2.1 11 0.2 4.1 10 5.5 3.6 11 6.4 3.0 11 |
IRS 0 2.0 1.2 16 5.0 2.4 15 1.7 3.4 16 7.5 2.7 16 5.3 5.9 16 J
1 t 0.72 0.88 1.01 1.67 0.59
Table 10.21 Comparison between young and older control subjects.
(L1 conditions - Table 10.20, L2 conditions - Table 10.21)
LATENCY (msec)
i s
Nl pi N2 P2 N3
m sd n m sd n m sd n • m sd n • m ■ sd n <
T 35.8 3.8 17 68.3 4.8 14 85.4 4.3 15 1102.6 5.3 16 1134.9 6.0 16 i
ILS 0 36.8 2.6 28 67.8 3.5 25 86.7 5.6 26 1110.1 5.1 27 i142.6 8.5 28 i
t 0.97 0.36 0.78 i 4.56 ***• ! 3.17 **
Y 36.5 4.3 16 67.0 4.1 15 83.9 4.1 16 1102.2 4.9 17 l133.9 5.4 16 I
lOz 0 36.9 2.6 27 67.5 3.3 27 87.9 4.7 26 1111.0 5.9 28 1141.7 9.8 28 l
t 0.30 0.42 2.82 ** I 5.15 *** ! 3.38 **
Y 35.8 2.7 17 68.8 3.4 16 84.5 5.1 15 1101.9 5.2 17 1136.5 7.7 17 i
IRS 0 36 .4 2.3 28 66.8 4.3 28 87.6 4.6 27 1110.1 5.8 28 |139.6 7.5 28 |
t 0.87 1.63 2.02 | 4.78 *-** | 1.33
jWLnyK__(jjv_)_ 
I N2N1 PI P2 N3
m ■ sd n m sd n I m sd n m sd n i m sd n
Y 1.7 1.1 17 4.7 2.8 14 1+1.1 3.1 15 6.5 3.7 16 i 5.3 4.1 16
L5 0 2.2 1.1 28 4.5 4.1 25 i 2.3 2.7 26 6.7 4.6 27 ! 4.7 3.6 28
t 1.70 0.18 3.66 *** 0.11 0.50
Y 2.6 1.4 16 4.0 3.5 15 h- 0.8 5.5 16 9.3 6.6 17 i 3.4 5.3 16
Oz O 2.4 1.4 27 6.4 5.2 27 I 3.3 4.5 26 8.9 5.7 28 I 2.4 4.0 28
t 0.44 1.63 I 2,63 • 0.21 l 0.68
Y 1,7 1.2 17 4.2 2.6 16 H- 2.3 3.2 15 7.6 4.5 17 I 3.7 3.9 17
otocc 1.7 1.1 28 4.4 4.7 28 l 0.8 2.9 27 6.8 3.3 28 1 4.1 3.1 28
t 0.10 0.19 1 3.26 ** 0.63 0.37
Table 10.22 ( *  = p <  0.05 ** = P <0. 01 - P <0.001)
i LATENCY (msec) J
! L, 1 Hi Pi N2 P2 N3< 2 1 m sd n m sd n • m sd n 1 m sd n • m sd n 1
Y l 36.1 3.2 17 66.9 3.8 13 185.5 2.9 16 1100.8 5.2 17 »132.4 5.6 16 »
IL5 0 l 36.0 2.9 27 67.1 4.7 26 1 86.7 5.1 25 1110.1 6.5 27 1141.0 8.5 28 l
t I 0.17 0.15 I 0.94 l 4.99 **-* 1 3.61 ***
Y I 37.5 6.0 17 67.9 3.8 16 < 83.3 4.6 16 <101.1 5.4 17 <131.3 6.1 16 <
lOz 0 i 35.9 2.5 27 67.4 4.2 26 < 87.0 5.2 25 <110.8 6.5 28 <140.6 8.4 28 <
t I 1.03 0.38 1 2.32 * < 5.18 *♦* < 3.87 ***
Y i 36.9 | 5.6 17 69.0 4.2 17 ' 84.3 6.0 14 <100.9 6.2 15 <134.3 8.0 17 '
IRS 0 i 35.4 2.6 21 67.7 4.6 26 l 87.1 5.4 25 <109.8 6.3 28 <139.6 7.6 28 <
t i 1,03 0.91 I 1.49 I 4.41 *** I 2.23 *
AMPLITUDE (pV)
iL2
m
N1 Pi N2 P2 N3
sd n m sd n l m sd n i m sd n m sd n I
Y 2.0 1.0 17 4.3 2.4 13 1+0.2 3.4 16 I 5.5 4.1 17 5.3 4.6 16 i
ILS Q 2.6 1.3 27 4.9 4.3 26 l 3.1 3.4 25 ! 6.6 4.6 27 4.7 3.7 28 !
t 1.55 0.53 l 3.07 ** 0.79 0.41
Y 3.6 2.3 17 4.3 3.8 16 I 0.5 4.8 16 1 8.2 7.3 17 3.2 5.7 16 i
lOz 0 2.7 1.4 27 7.2 5.8 26 l 4.1 4.6 25 I 8.6 5.7 28 2.2 4.0 28 i
t 1.71 1.76 l 2.39 * 0.21 0.69
Y 2.0 1.3 17 4.0 2.9 17 < 0.1 1.6 14 < 7.4 5.0 15 3.7 4.1 17 <
IRS 0 1.9 1.2 27 5.4 4.9 26 < 2.1 3.2 25 < 6.5 3.9 28 4.1 3.8 28 <
t 0.15 1.05 I 2.25 * 0.63 0.33
Table 10.23 Comparison between young and older migaine subjects.
(L1 conditions - Table 10.22, L2 conditions - Table 10.23)
signficantly delayed at Oz for the older group, 4 msecs in 
the LI conditions and 3,7 msecs in the L2 conditions. Its 
amplitude is shown to be significantly greater at each of 
the electrode sites in the older subjects by 3,1 to 4,1 
microvolts (mean 3,5 microvolts) depending upon location in 
the LI conditions and 2,0 to 3,6 microvolts (mean 3,5 
microvolts) in the L2 conditions.
The P2 component latency was significantly delayed at 
each electrode site by 7,5 to 8,8 msecs (mean 8,2 msecs) 
depending upon location, in the LI conditions and 8,9 to
9.3 msecs (mean 9,0 msecs) in the L2 conditions.
The N3 component was also shown to be significantly 
delayed at each recording site in the older subject group.
The delays were 3,1 to 7,8 msecs (mean 6,2 msecs) depending
upon location in the LI conditions and 5,3 to 9,3 msecs
(mean 7,7 msecs) in the L2 conditions.
Table 10,24 shows the mean, standard deviation and 
11' test values of the measurements of the major components 
evoked in the LI conditions in the young population in both 
groups. The N3 component latency is about 6 msecs shorter 
for the migraine group than the control group, significant 
at p < 0,05 level at L5 and R5 positions. The difference is 
also seen at each electrode in the L2 conditions, 7,6 to
9.4 msec (mean 8,5 msecs) according to location, and with 
greater significance levels (Table 10,25), The P2 component 
evoked in the L2 conditions also had a shorter latency for 
the migraine subjects in the young population but this 
failed to reach statistical significance. There were no 
significant differences of amplitude of any of the 
components between the migraine and control groups in the
LATENCY (msec)
! LI
N1 pi N2 r? N3
1 m sd n m sd n. m sd n • m sd n * m sd n
c i 35.0 2.9 10 68.4 4.5 9 87.3 4.6 9i 103.7 5.3 111141.2 8.3 11i
ILS s i 35.8 3.8 17 68.3 4.8 14 85.4 4.3 151102.6 5.3 161134.9 6.0 161
t i 0.58 0.08 1.04 0.53 2.28 • i
c ' 36.3 4.9 11 67.8 3.7 9 85.4 5.3 9' 103.6 4.8 10' 139.3 9.2 10«
lOz s i 36.5 4.3 16 67.0 4.1 15 83.9 4.1 16i 102.2 4.9 17i 133.9 5.4 16i
t I 0.13 0.46 0.82 0.71 1.89
c 136.0 2.5 10 68.8 5.1 9 87.0 7.6 9 i103.2 6.0 10' 143.6 9.5 11'
ir 5 . s (35.8 2.7 17 68.8 3.3 16 84.5 5.1 151101.9 5.2 171136.5 7.7 17 i
t i 0.22 0.02 0.48 0.60 2.20 * l
AMPLITUDE ( j j V )
L1 '
HI PI N2 P2 N3
m sd n m sd n * m sd •n' m sd n m sd n
C 1 2.6 1.8 10 4.8 2.0 9 i0.5 2.8 9i 5.1 3.6 11 5.4 4.3 11
15 S 1 1.7 1.1 17 4.7 2.8 14 I1.1 3.1 15i 6.5 3.7 16 5.3 4.1 16
t  1 1.53 0.07 1.30 0.99 0 .0 4
C 1 2.6 2.0 11 6.4 3.3 9 I0.8 4.2 9i 7.9 3.4 10 3.5 5.7 10
WNo 2.6 1.4 16 4.0 3.5 15 i-tO.8 5.5 16i 9.3 6.6 17 3.4 5.3 16
t  1 0.02 1.70 0.72 0.59 0.06
C 1 2.2 2.0 10 5.3 1.9 9 i0.3 2.4 9 i 6.7 2.9 10 5.7 3.7 11
R3 S 1 1.7 1.2 17 4.2 2.6 16 i2.3 3.2 151 7.6 4.5 17 3.7 3.9 17
t  1 0.75 1.14 1.58 0.58 1.36
Table 1 0 . 24 (* = p <0.05 **> = P A o 0 1 ,  * * *  r P < , 0 . 0 0 1 )
LATENCY (msec)
| L2 Ml i pi N2 P2 N3
m sd n 1 m sd n m sd n m sd n m sd n
C 36.3 2.6 1 [ 66.7 3.3 10 86.0 4.5 9 105.1 6.7 11 140.0 6.6 11
ILS s
t
36.1
0.13
3.2 1 1 66.9 
i 0.10
3.8 13 85.5
0.34
2.9 16 100.8
1.91
5.2 17 132.4
3.20
5.6
**
16
c 36.0 2.5 1 » 65.8
i
3.3 10 86.6 6.0 9 105.7 6.9 10 140.7 6.1 11
lOz s
t
37.5
0.90
6.0 1 i 67.9 
i 1.42
3.8 16 83.3
1.51
4.6 16 101.1
1.93
5.4 17 131.3
3.97
6.1
* «
16
c 36.2 2.8 1 | 68.3 4.8 11 86.9 6.8 10 104.4 7.7 11 142.8 8.2 11
IR 5 s
t
36.9
0.42
5.6 1 ' 69.0 
' 0.42
4.2 17 84.3
1.0
6.0 14 100.9
1.26
6.2 15 134.3
2.72
8.0
*
17
AMPLITUDE (}JV)
! 12
HI i pi N2 P2 NJ
m sd n i m sd n m sd n m sd n m • sd n
c 3.0 1.1 1 ' 3.6 2.6 10 1.6 3.8 9 4.4 3.4 11 7.1 4.2 11
ILS s
t
2.0
2.48
1.0 1
•
' 4.3
I
I 0.63
2.4 13 0.2
1.20
3.4 16 5.5
0.80
4.1 17 5.3
1.09
4.6 16
c 3.0 1.9 1 ' 5.7
i 3.6 10 1.2 5.0 9 6.7 3.8 10 4.4 5.4 11
lOz s
t
3.6
0.69
2.3 1 • 4.3
i
I 0.94
3.8 16 0.5
0.33
4.8 16 8.2
0.64
7.3 17 3.2
0.55
5.7 16
c 2.5 2.1 1 I 4,2 2.1 11 0.2 4.1 10 5.5 3.6 11 6.4 3.0 11
IRS s
t
2.0
0.82
1.3 1 ' 4.0 
l
I 0.24
2.9 17 0.1
0.05
1,6 14 7,0
1.10
5.4 15 3.7
1.86
4.1 17
Table 10.25
The young population. (L1 conditions-Table 10.24, L2 conditions-10.25)
young population in either the LI or L2 conditions*
The older population showed no significant 
differences of latency or amplitude of any of the 
components of the FVEP between the migraine and control 
groups in the LI and L2 conditions* The data of the older 
population are shown in Tables 10*26 and-10.27* Tables 
10*28 and 10,29 are designed to summarise the significant 
latency and amplitude differences of the five components of 
the FVEP of the control and migraine groups with reference 
to age grouping. They show mean values only and the 
significant probabilities indicated were calculated from 
't' tests of the mean and standard deviation values 
presented in Tables 10*20 to 10,27*
The control and migraine subject data were tested for 
significant asymmetries between the responses recorded at 
the left and right occipital electrodes that might 
correlate with lateralisation of headache* As previously 
described the only measure to show consistent significant 
differences between the migraine and control subjects was 
the N3 latency* The latencies of the N3 component recorded 
at the L5 and R5 electrodes were analysed for evidence of 
asymmetry* They were examined in the LI and L2 conditions 
and the Young and Older groups were analysed separately.
Table 10,30 shows the results of these tests. No 
significant differences are shown* Table 10*31 is in two 
parts. The part, in which account is taken of sign, 
presents the results obtained by subtracting the latency of 
the N3 component recorded at R5 from that recorded at L5, 
A negative result indicates that the latency recorded at L5 
is shorter than that recorded at R5. The results obtained
laicm.t imsec;
! L1
N1 Pi M2 P2 M3
m sd n m sd n m sd n m sd n m sd n i
c 35.4 2.3 16 68.0 5.0 15 84.5 5.6 15 109.0 4.6 16 139.5 5.6 16 1
ILS s 36.8 2.6 28 67.8 3.5 25 86.7 5.6 26 110.0 5.1 27 142.6 8.5 28 J
t 1.71 0.15 1.20 0.67 1.29
c 35.9 4.0 16 68.2 3.8 16 86.3 3.6 16 110.1 4.7 16 137.6 4.1 16 J
lOz s 36.9 2.6 27 67.5 3.3 27 87.9 4.7 26 111.0 5.9 28 141.7 9.8 28 J
X 0.92 0.65 1.20 0.52 1.84
c 35.8 2.5 16 68.3 3.7 16 86.6 4.2 16 109.1 4.2 16 139.4 5.1 16 !
IRS s 36.4 2.3 28 66.8 4.3 28 87.6 4.6 27 110.1 5.8 28 139.6 7.5 28 |
t 0.91 1.15 0.67 0.58 0.09
AMPLITUDE (pV)
! L1 Ml Pi N2 P2 M3
m sd n ID sd. n m sd n m sd n m sd n i
c 2.3 1.0 16 3.0 1.7 15 2.6 2.8 15 6.2 2.7 16 6.6 4.9 16 !ILS s 2.2 1.1 28 4.5 4.1 25 2.3 2.7 26 6.7 4.6 27 4.7 3.6 28 1
t 0.11 0.32 0.46 1.47
c 2.5 1.6 16 5.9 3.7 16 2.1 3.2 16 7.8 3.1 16 3.7 5.7 16
lOz s 2.4 1.4 27 6.4 5.2 27 3.3 4.5 26 8.9 5.7 28 2.4 4.0 28 1
X O.Oi 0.36 0.96 0.85 0.90
c 1.6 0.8 16 4.2 2.5 16 0.9 2.4 16 7.0 2.5 16 4.9 5.7 16 !
IRS s 1.7 1.1 28 4.4 4.7 28 0.8 2.9 27 6.8 3.3 28 4.1 3.1 28 1
X 0.42 0.20 0.11 0.19 0.66
Table 10.26 The older population (LI conditions)
i LATENCY (msec) '
! L2
Ml Pl I M2 P2 M3
m- sd n' m sd n J m sd n m sd n m sd n 1
1 c 35.1 2.4 16; 65.7 4.3 15'85.1 4.7 16' 109.1 4.5 16 '139.3 5.0 16 j
ILS S 36. 0 2.9 27 67.1 4.8 26186.7 5.1 25 110.1 6.5 27 141.0 8.5 28 I
1 t 0.98 0.90 » 1.02 0.57 0.75
1 c 35.5 2.7 16 66.5 3.3 15 j86.4 4.0 16 109.3 4.2 16 138.1 4.3 16 !
lOz S 35.9 2.5 Z7 67.4 4.2 26 • 87.0t 5.2 25 110.8 6.5 28 140.6 8.4 28 1
1 t 0.47 0.72 ' 0.43 0.83 1.31
1 c 35.6 2.6 16 67.8 3.2 15 *87.1 4.2 16 109.4 4.2 16 138.7 5.1 16 1
IRS S 35.4 2.6 27 67.7 4.6 26 187.1 5.4 25 109.8 6.3 28 139.6 7.6 28 i
1 t 0.14 0.05 • 0.01 0.24 0.43
AMPLITUDE (jjV)
L2 Ml p i M2 P2 M3
m sd n m sd n m sd n I m sd n i m sd n
c 2.4 1.3 16 3.6 1.7 15 2.7 4.0 16 • 6.9 3.3 16 i 6.1 4.8 16
LS S 2.6 1.3 27 4.9 4.3 26 3.1 3.8 25 • 6.6 4.6 27 I 4.7 3.7 28
t 0.39 1.47 0.32 0.18 1.04
C 2.5 1.6 16 7.1 4.2 15 2.1 5.3 16 1 8.1 3.8 16 1 3.7 5.5 16
Oz S 2.7 1.4 27 7.2 5.8 26 4.1 4.6 25 1 8.6 5.7 28 1 2.2 4.0 28
X 0.24 0.07 1.28 0.33 1.05
C 2.0 1.2 16 5.0 2.4 15 1.7 3.4 16 1 7.5 2.7 16 1 5.3 5.9 16
R5 S 1.9 1.2 27 5.4 4.9 26 2.1 3.2 25 i 6.5 3.9 28 1 4.1 3.8 28
t 0.21 0.27 0.45 0.86 0.78
Table 10.27 The older population (L2 conditions)
L1
and
L2
N1
0
j --------
IE C 35.0 35.4
— _ i ______
168.4
IL L I I«
IE S 38.8 36.8 168.3
1C I
IT p •«
IR II
10
ID C 36.3 35.1 •66.7
IE L2
1 s 36.1 36.0 166.9
IL
IS
1
f
p «•
I•
IE c 36.3 35.9 *67.8
IL L I <
IE s 36.5 36.9 *67.0
1C Il
IT p •I
IR •
10
ID c 36.0 35.5 165.8
IE L2 l1
1 s 37.5 35.9 167.9
10 II
IZ p «I
1 1
i
IE
IL L I
c 36.0 35.8 |68.8
IE s 35.7 36.4 *68.8
1C ««
IT p lI
IR 1
10 I
ID c 36.2 35.6 *68.3
I
1IE L2
1 s 36.9 35.4 *69.0
IR 11
15
1
p I1•t
PI
0
LATENCY ( msec)
N2 S P2
Y 0
87.3 84.3
83.4 86.7
86.0 85.1 
85.5 86.7
Y 0 P
103.7 109.0* 
102.6 110. 0 * * *
105.1 109.1 
100.8 110.1 ***
N3
Y 0 p
141.2 139.5 
134.9 142.6** 
*
140.0 139.3 
132.4 141.0***
85.4 86.3 
83.8 87.9 **
86.6 86.4 
83.3 87.0 *
103.6 110.1 ** 
102.2 111.0 ***
105.7 109.3 
101.1 110.8 ***
139.3 137.6 
133.9 141.7**
140.7 138.1
131.3 140.6***
87.0 86.6 
84.5 87.6
86.9 87.1 
84.3 87.1
103.2 109.1 ** 
101.9 110.1 ***
104.4 109.4 
100.9 109.8 ***
143.6 139.4 
138.5 139.6
142.8, 138.7 
13'4.3 139.6* 
*
Table 10.28 Summarizing the mean latencies of each of the 5 major components 
of the FVEP recorded at L5,0z and R5 in the two light adaption conditions.
The control and migraine subjects are shown subdivided according to age.
(* = p <0.05, ** = p <0.01, *** = p <0.001)
The significance levels to the right of the figures refer to age
and those beneath to the controls and migraine comparisons. j
: li
! and
L2
N1 PI
AMPLITUDE (jjV) 
N2
I—  
I Y 
J —
p I Y
P2 N3
p I
!E
IL L I
IE
IC
IT
IR
10
ID
IE L2
II
IL 
15
CI 2.6 2.3
«I
S I1 .7  2.2II
P 1
I
I
C13.0 2.4
I
S12.0 2.6
14 .8  3.0 *
I
14.7 4.5
I 3 .6 3.6
4.3 4.9
. 0 . 5  2.6 15.1 6.2
+1.1 2.3 * * * 1 6 .5  6.7
I
1.6 2.7 |4 .4 6 .9
I
1+0.2 3.1 * *  I5.5 6 .6
I
5.4 6.6  
I 5 .3 4 .7
7.1 6.1
5.3 4.7
IE
IL L I
IE
IC
IT
IR
IO
ID
IE L2 
I
IO
Z
c
s
I
p I
2.6 2 .5
2.6 2.4
3.0 2.5
3.6 2.7
6.4 5.9
4.0  6.4
5.7 7.1
4.3 7.2
0 . 8 2.1  
WD.8 3.3 *
1 . 2  2.1  
0.5 4.1 *
7.9 7.8
9.3 8.9
6.7 8.1
8.2 8.6
3.5 3.7
3.4 2.4
4.4  3.7
3.2 2.2
IE
IL L I
IE
SC
IT
IR
SO
ID
IE L2 
15
2 . 2  1 . 6
1.7 1.7
p I
C I 2 . 5  2.0 
I
SI 2 .0 1.9II
p!
5.3 4.2
4.2 4.4
4.2 5.0
I
I4 .0  5.4
I
+0.3 0.9  I 6 .7  7 .0
+2.3 0.8 * *
0.2 1.7 
0. 1 2. 1 *
7.6 6.8
5.5 7.5  
7.4 6.5
5.7 4.9
3.7 4.1
6.4  5.3
I
53.7 4.1
Table 10.29 Summarizing the mean amplitudes of each of the 5 major 
components of the FVEP recorded at L5, Oz and R5 in the two light 
adaption conditions. The control and migraine subjects are shown 
subdivided according to age.
(* = p 0.05, ** = p 0.01, *** = p 0.001)
L2
R5
t
N 3
YOUNG OLDER
m sd n m sd n
L5 141.2 8.3 11 139.5 5.6 16
C
R5
t
143.6
1.32
9.5 11 139.4
0.17
5.1 16
LI
L5 134.9 6.0 16 142.6 8.5 28
S
R5
t
136.1
0.7
7.8 16 139.6
1.99
7.5 28
L5 140.0 6.6 11 139.2 5.0 16
142.8 8.2 11
2.05
L5 132.4 5.6 16 141.0 8.5 28
R5 133.9 8.1 16 139.6 7.6 28
t 0.64 1.63
138.7 5.1 16
0.76
Table 10.30
Comparison of latencies 
of the N3 component 
recorded at the 
occipital electrodes 
L1 and L2.
SYMMETRY OF LATENCY ( L5-R5 )
N 3
w ♦ r ♦ t sisn without sidn
YOUNG OLDER YOUNG OLDER
m sd n m sd n m sd n ITl sd n
C -2.5 6.2 11 0.1 2.9 16 4.6 4:6 11 1.9 2.2 16
LI S -1.2 6.8 16 3.0 8.0 28 3.1 6.2 16 4.1 7.4 28
t 0.49 1.38 0.72 1.18
C -2.8 4.6 11 0.6 2.9 16 3.5 4.0 11 1.9 2.2 16
L2 S -1.2 9.0 16 1.4 4.5 28 4.7 7.6 16 2.6 3.9 28
t 0.53 0.66 0.48 0.63
Table 10.31 Differences between the latencies of the N3 component 
recorded at the occipital electrodes ( L5 minus R5 )
suggest that there is a tendency for the latency to be 
shorter at L5 in the Young population and longer at L5 in 
the Older population but the differences are not 
significant. When sign is not considered, i,e, differences 
measured irrespective of whether the latency is shorter or 
longer at one electrode with respect to the other, no 
significant differences appear,
10,5 AVERAGED REPETITIVE FLASH VISUAL EVOKED
POTENTIALS (ARFVEP)
The ARFVEP was collected at the same time as the 
RFERG and the method is therefore identical to that 
described in section 10,3, The electrode montage based on 
the preliminary work described in Chapter 7 was;
Ch, 4 Fz —  NC CH, 9 R5 —  NC
CH,5 Cz —  NC Ch,10 Rt,outer canthus (Oc) —  NC
Ch,6 Pz —  NC Ch,ll Rt,wrist —  NC
Ch,7 Oz —  NC Ch,12 Oz —  Fz
Ch,8 L5 —  NC Ch,13 Photo-electric cell
The amplifier gains were 50 microvolts per cm, time 
constants 0,3 sec and high frequency filters 2 KHz (-3dB), 
Fig,10,15 shows the grand average of the responses 
recorded from the control subjects to flashes presented at 
a repetition rate of 6 f/s. The structure of the responses 
can be seen to be rich in harmonics; each having its own
spatial distribution. The responses at Fz and Cz were
reasonably similar to each other with the 1st H the 
dominant component. Perhaps surprisingly the grand average 
response at Pz was almost a pure 4th H, whilst a complex 
combination of harmonic components with a dominant 1st was
Rt ERG— NC
Fz— NC
20 pV 
^ • ■ ■ 1333 msec  ..
L5— NC
 SjlL
Cz— NC
jJlL
Pz— NC
W^tyV/WvVAM/yA^ Avv^ W^ vv/W 
1
Oz— NC
uL
V V V A A A ^ V V
Oz— Fz
R5— NC
»AaA/AaAaA/A/nAaA/
Fig.10.15 Grand averages of the ARFVEPs of all the control subjects to 
stimulation at 6f/s. The amplitude-frequency histograms have been scaled 
appropriately to show the harmonic components. Eight responses are contained 
in each average epoch.
shown at each of the occipital sites.
The response shown by the bipolar recording (Oz to 
Fz) was larger than the responses recorded by the common 
reference system because of the summation of the responses 
at the two electrodes. This added to the complexity and 
contributed little towards the understanding and will not 
be considered further.
Fig,10,16 shows the ARFVEP data of the migraine 
population. The 1st H component was slightly larger at Fz 
and Cz than for the control group and it also appeared at 
Pz in addition to the 4th H component.
Fig,10,17 demonstrates a notable change in the
structure and topography of the ARFVEP in the control group 
to stimulation at 9 f/s compared to that evoked by 6 f/s. 
The dominant component of the responses recorded at Fz and 
Cz was the 2nd H whilst the responses recorded at Pz and Oz 
were mainly 1st H, An amplitude asymmetry greater than 50% 
was shown between the responses recorded at the left and 
right occipital electrodes. Similar changes of structure
and distribution were shown by the migraine group 
(Fig,10,18) except that the occipital responses were
symmetrical.
Fig,10,19 shows the distribution of the amplitude and 
the phase relationships of the 1st H component evoked in 
the control group by 6 f/s. The minimum amplitude occurs
at Pz? the phase relationships will be referred to later. 
Fig,10,20 shows the minimum amplitude of the 1st H 
component evoked by 9 f/s to be at Fz not Pz, The evidence 
of Figs,10,19 and 10,20 indicate that the topographic
distribution of the response is dependent upon the
Rt ERG— NC
IJL
Fz— NC
vAAAAA\A>
Cz— NC
.A i A ■ k i -oi i.
20 jjV
'1333 msec
Pz— NC
L
1 2343
Oz— NC
L5— NC
CJzI1NO R5— NC
i l l . 1 1 A - . i U ------
V M Y V V V V
Fig.10.16 Grand averages of ARFVEPs of all the migraine subjects to 
stimulation at 6 f/s. (Recording and analysis conditions the same as 
in Fig.10.15).
1 7 9
20 jjV
i_____ (______
*---  889 msec ----;*
L5— NC
1
Rt ERG— NC
Fz— NC
^^AVv^AVvV A A V v^
Cz— NC
_ Ju  _______
^VA/A/A/A/A/A/Az
Pz— NC
AAA7\AAAA
Oz— NC
Oz— Fz
.11
R5— NC
A A /W V V V
Fig.10.17 Grand averages of all the ABFVEP& of all the control subjects 
to stimulation at 9 f/s. (Recording and stimulation conditions the same as 
in Fig.10.15).
120 jjV
!   ________
«--- 889 msec  ^
L5--NC
l A A A A A A A ^ l
Rt ERG— NC
Fz— NC
v\ M a v v \/v\/v m
u
Cz— NC
Pz— NC
AAAAAAAA
Oz— NC
Oz— NC
AAAAAAM
R5— NC
a a a a a w
Fig.10.18 Grand averages of the ARFVEPs of all the migraine subjects to 
stimulation at 9f/s. (Recording and stimulation conditions the same as 
in Fig.10.15).
Rt ERG— NC
Fz— NC
Cz— NC
WWV/WvvMA^A /^MA^M^n/^ VViA^ v 
Pz— NC
vvvvw vv
Oz— NC
Oz— Fz
20 uV
1333 msec
f
t
/\/\/\/\/\/v\/v
1st H vector 1st H component 
reconstituted
Fig.10.19 Grand averages of ARFVEPs of all the control subjects to 
stimulation at 6f/s. The reconstituted sinusoidal 1st H component and its 
vector are shown for each recording site.
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A/A/A/A/A/A/A/Az
Cz— NC
AAAAAAAA
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Oz— NC
Oz— Fz
/
1st H vector
20 pV
<— 889 msec ----- >
W l / V V W V
A A A A A A A A
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Fig.10.20 Grand averages of ARFVEPs of all the control subjects to 
stimulation at 9f/s.
frequency of the stimulus; this is summarised by Fig,10,21 
From the complexity and interactions of the variables 
in the data presented so far it is clear that a complete 
analysis of the component structure of the ARFVEP at all 
the stimulation frequencies at all electrodes was too 
complex and it was decided to include here only the 
analysis of the data relevant to its 1st H component. The 
data that follows refers to the topographic differences of 
amplitude and phase of this component, in the different 
groups of subjects, paying particular attention to the 
central and posterior systems.
The 1st H components of the ARFVEP recorded at Oz 
over the whole stimulation range from the control and 
migraine groups are shown in Fig,10,22, The maximum 
amplitude was recorded at Oz in response to 9 f/s whilst 
more anteriorly, notably at Cz, multiple amplitude peaks 
were recorded at the low end of the frequency range, A 
distinct frequency band from about 20 to 40 Hz is seen at 
Pz and Cz and less clearly at Fz, At Oz it merges with the 
higher amplitude low frequency responses and is less 
clearly defined, A lower amplitude hump between about 40 
and 60 Hz is shown at Pz and Cz but not at Oz, whereas at 
Oz a substantial peak occurs at about 17 Hz,
Fig,10,22 shows that the frequency response curves 
(amplitude / frequency (A/F) plots) are dependent upon 
electrode site and it is possible to identify some 
frequency-spatial characteristics in the data. These are 
described here; some are tested statistically later.
Distinction is made between Oz and anterior 
electrodes since the A/F plots of Cz, Pz and to a lesser
AMPLITUDE
4 th H
O '  "
Fz Cz Pz Oz
6 FLASHES per second
1st H
4th H ^
Fz Cz Pz Oz
10 / jV.
AMPLITUDE
5 / jV.
9 FLASHES per second
Fig. 10.21 Distribution of 1st and 4th H components of the ARFVEP 
recorded from the control group to 6 and 9 flashes per second.
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Fig. 10.22 Amplitude. / frequency (A/F) plots of the 1st H component of 
the ARFVEP in the total population.
extent Fz show similar characteristics. These anterior 
data will be referred to as the central distribution (CD),
Frequency has been divided into 4 parts; low (LF), 
medium (MF), intermediate (IF) and high (HF), The LF range, 
below about 10 Hz may have multiple amplitude peaks and is 
seen both centrally and occipitally with maximum amplitude 
at Oz, The MF range is for the responses between 11 and 
about 20 Hz; these too are maximum amplitude at Oz, The IF 
range is between about 20 and 40 Hz and is seen most 
clearly centrally. The HF range extends from 40 to about 
60 Hz and although of low amplitude is also most clearly 
observed centrally. There were no significant differences 
between control and migraine groups.
The 1st H components recorded at electrode L5 and at 
electrode R5 (Figs,10,23 and 10,24) showed no significant 
differences between the control and migraine groups. The 
peak amplitudes at 10 Hz were larger at R5 than at L5 in 
both groups,
A/F plots were made for all the subgroups of the 
control and migraine subjects. Those of the Young and 
Older male populations are shown in Figs,10,25 and 10,26 
respectively. These show appreciable differences of 
amplitude between the migraine and control subjects in the 
IF range peaking at 22 to 26 Hz but no statistical 
significant differences were found (Tables 10,32 and 
10,33), probably because the groups are small.
Consistent differences between the control and 
migraine populations were shown in the Young and in the 
Older female populations. This occured particularly in the 
MF region (11-22 Hz) recorded at Oz, as shown in Fig,10,27
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Fig. 10.23 A/F plots of the 1st H component of the ARFVEP recorded at L3 
in the total population.
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Fig. 10.24 A/F plots of the 1st H component of the ARFVEP recorded at R3 
in the total population.
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Fig. 10.25 A/F plots of the 1st H component of the ARFVEP in the
young male population.
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Fig. 10.26 A/F plots of the 1st H component of the ARFVEP in the 
older male population.
80
M C Y M S Y
electrode Frequency (n=4) (n=4)
m sd m sd t
22 3.7 2.9 2.4 1.1 0.84
Fz 24 4.1 2.7 2.4 0.7 1.26
26 3.1 1.7 1.6 1.2 1.48
22 3.7 2.3 2.4 0.8 1.09
Cz 24 4.4 2.6 2.8 1.3 1.06
26 3.3 1.88 2.2 1.3 1.15
22 3.4 2.9 2.8 1.4 0.35
Pz 24 5.9 3.0 2.9 1.8 1.72
26 4.4 3.3 2.4 1.3 1.12
Table 10. 32
M C 0 M S 0
(n=6) (n=9)
22 4.7 2.3 2.7 1.7 1.92
Fz 24 4.0 1.5 2.3 2.0 1.97
26 2.4 0.8 1.9 1.7 0.65
22 4.8 2.4 3.0 1.8 1.74
Cz 24 4.4 1.8 2.4 2.3 1.80
26 3.2 1.0 2.4 2.1 0.88
22 4.4 1.6 3.3 1.8 1.23
Pz 24 4.1 1.7 2.3 1.8 1.90
26 3.6 1.2 2.7 2.0 0.97
Table 10. 33
Table 10.32
Table 10.33
Mean amplitude ( jjV )  of peak values of the 1st H component 
of the ARVEP in the intermediate frequency region recorded at 
Fz,Cz and Pz in the yoang male population (Table 10.32) 
and older male population (Table 10.33)
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Fig. 10.27 A/F plots of the 1st H component of the ARFVEP in the
young female population.
(groups 1FCY1 and ^ S Y 1) but again this was not 
statistically confirmed (Table 10,34),
Comparisons of the older populations (groups 'FCO1 
and 'FSO *) are presented in Fig,10,28, The migraine
subjects show significantly lower amplitude 1st H
components than the control subjects in the 11-22 Hz
range, recorded at Oz, Statistical testing showed 5 
consecutive points (16 to 20 Hz) to be significantly 
different at the p < 0,05 level, Table 10,35,
The inversion of the relationship, i.e* migraine 
subjects showing greater MF amplitudes in the young and 
smaller amplitudes in the older group of the female 
population than the respective control groups, was an 
unexpected finding. To examine this further the amplitude 
measurements of the peak of the MF region (without 
reference to specific frequencies) for each subject was 
compiled and the mean and standard deviations for each 
group determined. The ,tl values shown in Table 10,36(a) 
shows no significant differences between the respective 
groups of the young female population and those of the 
older female population. The inversion of the MF region 
amplitudes, referred to above, was also demonstrated by the 
peak amplitude measures. Significant interaction (p < 
0,02) was shown in the two way (group x age) Analysis of 
Variance presented in Table 10,36(b) confirming the 
significance of the inversion effect.
In seeking a possible explanation for this, the same 
peak amplitude data was tested for aging effects. Whilst 
the amplitude of the MF region increased with age in the 
female control population it was not statistically
Frequency 
Hz
F C Y
n=7
F
n:
S Y
: 1 3
m sd m sd t
11 8.8 5.7 10.7 7.3 0.58
12 8.5 4.2 10.3 7.5 0.61
13 7.4 4.4 11.2 8.3 1.11
14 7.3 3.8 12.5 7.5 1.70
15 8.3 3.1 13.4 8.0 1.62
16 7.6 3.2 13.5 8.5 1.76
17 7.3 3.1 14.2 9.1 1.93
18 7.4 3.4 13.0 8.2 1.72
19 6.0 2.0 11.8 8.8 1.70
20 6.0 2.2 10.8 9.1 1.36
22 4.4 2.6 8.1 7.3 1.30
F C 0 F S 0
n=10 n=•19
11 13.2 5.1 10.7 5.2 1.23
12 10.7 5.4 8.7 5.7 0.88
13 9.0 5.4 7.6 5.4 1.07
14 9.6 5.2 7.5 4.7 1.08
15 11.2 5.2 7.6 5.4 1.74
16 12.7 5.4 7.4 5.5 2.45 *
17 12.6 6.3 7.0 4.5 2.77 *
18 12.0 6.6 5.8 4.1 3.10 **
.19 11.4 6.3 6.1 4.1 2.71 *
20 9.8 5.3 6.1 4.1 2.10 *
22 7.6 2.5 5.5 3.5 1.65
Table 10.34
Table 10.33 
* = p <0.05
** = p <0.01
Mean amplitude of the 1st H component of the ARFVEP at Oz 
in the medium frequency range :in the young female population 
(Table 10.34) and the older female population (Table 10.35).
0 — •
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Fig. 10.28 A/F plots of the 1st H component of the ARFVEP in the
older female population.
1
80
1 9 >
m sd n
F C Y 9.7 2.6 7
F S Y 13.7 9.0 13
t 1.68
m sd n
F C 0 13.2 6.1 10
F S 0 8.7 5.7 19
t 1.97
( a )
F P
Age (F Y or F 0) 0.74 0.4
Group (F S or F C) 0.12 0.73
Age x Group 6.77 0.02 AN0VA ( b )
m sd n m sd n
F C 0 13.2 6.1 10 F S 0 8.7 5.7 19
F C Y 9.7 2.6 7 F S Y 15.6 9.0 13
t 1.42 t 2.67 p <0.02 *
( c )
m sd n m sd n
100 15.1 9.7 9 Less than 6 yrs 16.7 10.5 7
900 8.0 5.8 8 More than 6 yrs 10.2 6.7 24
t 1.82 t 2.0
( d )
Table 10.36 Comparisons of the peak amplitude of the 1st H component 
of the ARFVEP in the medium frequency range in the female population;
(a) between the control and migraine groups divided according to age,
(b) two way ANQVA (group X age), (c) for aging effect in the migraine 
and control groups, (d) to determine effects of numbers of attacks 
and duration of history.
confirmed, Table 10.36(c) but the female migraine 
population showed a significant (p < 0.02) reduction of 
peak amplitude values of the MF region responses.
An alternative or contributing cause may be the 
migraine attacks themselves, or length of migraine history. 
To examine this the female population was divided into two 
groups, according to section 9,3, one in which the number 
of migraine attacks suffered was less than 100 and the 
other in which more than 900 attacks were experienced. 
Comparisons of the peak amplitudes of the MF region 
responses between the groups, presented in Table 20.6(d) 
showed no significant difference. Similar analysis for 
duration of history, Table 10.36(d), also showed no 
significant differences. There was no evidence that 
suggested that migraine attacks or length of history of 
migraine caused attenuation of the amplitude of the MF 
subsystem response, the only correlation with this effect 
being aging.
The phase relationships of the ARFVEPs recorded at 
each electrode were examined, Follpwing the Fourier 
transform the 1st H was extracted and reconstituted. 
Fig,10,19 shows this component and its vector 
representation (derived from the sine and cosine values) of 
the control group with stimulation at 6 f/s, A phase 
difference of 180 degrees is shown between the responses 
recorded at Fz and Oz and the electrode showing minimum 
amplitude is Pz,
Phase analysis of the ARFVEP evoked by 9 f/s, in the 
same group of subjects, revealed quite different 
relationships from those evoked by 6 f/s Fig,10,20, The
phase angles at Oz and Pz were similar and there was about 
120 degrees change between the posterior and anterior 
electrodes.
Phase lag with respect to the stimulus was plotted 
against stimulus frequency (P/F plot) for the control and 
migraine groups and the subgroups which showed differences 
in their A/F plots as described in the previous section. 
The 4 frequency ranges proposed from inspection of the A/F 
plots were also separable by their phase characteristics. 
Fig,10,29 constructed from the ARFVEPs recorded at Oz can 
be divided into distinct sections each with linear 
relationships but of different gradients. This was also 
shown at Cz (Fig,10,30),
The least squares regression lines were derived for 
the sections of the P/F plots of the 1st H components 
recorded at Oz and Cz in the Control population. The 
gradient of each section of the plots was obtained from 
which the "apparent latency" was calculated. Table 10,37 
shows the "apparent latencies" and the 't* test evaluation 
of the comparison between the LF, IF, MF and HF ranges. At 
Cz there were significant differences between the gradients 
of the LF and MF (p < 0,001), MF and HF (p < 0,02) and LF 
and HF (p < 0,01) regions. At Oz statistically significant 
differences were shown between the gradients of the LF and 
IF ranges but the differences between the IF and MF regions 
were not statistically confirmed. The frequency ranges 
which showed linear relationships in the P/F plots of the 
responses at Oz (Fig,10,29) agree with those in which peaks 
or humps appear in the amplitude plots of Oz (Fig,10,22), 
The same comparisons can be made for the P/F plots
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TOTAL CONTROL POPULATION
Elect. Freq. Slope Ap.Lat. 
(msec)
Freq. Slope Ap.Lat.
(msec)
t
L 77.3 215 I 26.6 74 5.95 ***
Cz I 26.6 74 H 15.9 44 2.81 *
L 77.3 215 H 15.9 44 4.75 **
L 4 3.5 126 M 23.1 64 3.66 **
Oz M 23.1 64 I 14.6 41 0.83
L 43.3 126 I 14.6 41 1.32
YOUNG FEMALE POPULATION
CONTROL MIGRAINE
L 62.8 174 L 68.5 190 0.44
Cz I 28.0 78 I 21.5 60 1.02
H 17.4 48 H 15.5 43 0.23
L 33.7 94 L 34.7 96 0.05
Oz M 22.5 63 M 27.3 76 0.71
I 26.6 74 I 22.6 63 0.62
OLDER FEMALE POPULATION
L 80.6 224 L 72.1 200 0.79
Cz I 28.0 78 I 25.6 71 0.32
H 16.2 45 H 12.5 35 0.69
L 34.5 96 L 35.5 99 0.07
Oz M 24.4 68 M 17.7 49 0.99
I 12.7 35 I 18.2 52 0.71
* = p <0.5, = p <0.01, *** = p <0.001
Table 10.37 The gradients of the phase / frequency plots, from 
which the apparent latencies have been calculated, are shown for 
each frequency range (L,M.I and H). 't' values are shown for 
comparisons of slope between different frequency regions in the 
control population and between control and migraine groups in the 
young and older female populations.
(Fig,10,30) and A/F plots (Fig,10,22) of Cz, At Cz multiple 
peaks occur in the LF region.
There were no significant differences in the 
gradients of each frequency range of the control and 
migraine groups at Cz and Oz,
Since the amplitude/frequency plots described 
previously showed significant differences in the female 
population the phase relationships of each of the subgroups 
of the female population were examined. Fig,10,31 shows 
the phase/frequency plots of the 1st H component of the 
ARFVEPs recorded at Oz in the 'FCY* and ’FSY* groups. The 
three frequency ranges can be identified by their linear 
phase relationships; their apparent latencies are given.
The phase/freqency plots of the responses recorded at 
Oz in the Older Female population are shown in Fig,10,32, 
Similar phase plots were made for the Young and Older
female populations for the responses recorded at Cz 
(Figs,10,33 and 10,34), Small differences of gradient 
between the control and migraine subjects in each of these 
subgroups can be seen from Figs,10,31, 10,32, 10,33 and
10,34, but none of these was statistically significant 
(Table 10,37),
It will be noted that the 'FSO* group shows a 360
degrees phase difference compared with the other groups in 
the IF range at Cz, This occurs progressively between the 
end of the LF range (10 Hz) and the commencement of the IF 
range (18 Hz), which argues against it being an artefact, 
A possible explanation is that the vector measurement of 
one of the groups has slipped 360 degrees with respect to 
the other at a stimulus frequency of about 15 Hz,
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Reference to the A/F plots of Fig,10,28 shows that the mean 
amplitude of the response of the 'FCO' group at 15 Hz was 
near zero. Phase angles measured from this frequency 
onward may be 1 cycle out of step with those of the 
migraine group. It is, however, of little importance as far 
as the identification of the frequency ranges and 
determination of their apparent latencies are concerned, 
since the gradients of the P/F plots are all that are 
required,
10,6 PATTERN REVERSAL VISUAL EVOKED POTENTIALS
(PRVEP)
The pattern reversal system (checkerboard) used a 
projector to display black and white squares on a cifbular 
translucent screen. Each square subtended an arc of 60 
minutes at the eye; the diameter of the screen subtended an 
arc of 24 degrees at the eye. The luminance measurements 
are presented in section 8,2, The pattern was reversed 
every 496 msec, the reversal being completed in 8 msec. 
The electrodes were on a line 5 cm anterior to the inion at 
Oz and 5 cm and 10 cm to the left and right of the mid 
line; each was referred to Fz,
Two average epochs were collected simultaneously, one 
of 256 msec duration (amplifier gain 20 microvolts per cm, 
HF cut 2 KHz) and one of 1 sec duration (amplifier gain 50 
microvolts per cm, HF cut 70 Hz), The time constant of each 
channel was 0,3 secs. This duplicated collection of the 
two epochs was a convenience to obtain high and low 
resolution data at one recording session. Averages of 100 
samples were stored on magnetic tape.
The subject was seated in a reclining chair with 'dim 
B/L1 lighting, described in section 8,2 and allowed to
adapt to it for approximately 15 minutes, CCTV was used to 
monitor the subject and check that the instruction to
fixate on a spot in the centre of the checkerboard screen 
was being obeyed. Full field stimulation was presented 
monocularly to each eye followed by left and right half
field stimulation to each eye. Two averages of the
responses evoked by each stimulus condition were made.
Grand averages were made of the averaged responses 
recorded at L10, L5, Oz, R5 and RIO (referred to Fz) from 
each subject in the control and migraine groups. Amplitudes 
and latencies of 5 component peaks of the PRVEP of 3 
channels were measured on each subject. Measurements of 
peak amplitude were referred to a baseline at the time of
the reversal.
The grand averages of the PRVEPs recorded on one
channel (Oz-Fz) in the control subjects are shown in
Fig,10,35, These show great similarity to the Institute 
data bank of control subjects (third trace),
Two consecutive averages recorded from 5 channels of 
the control subjects, are shown superimposed in Fig,10,36, 
The vertical full lines are at the mean latency of the peak 
of the P100 response recorded at Oz-Fz obtained from the 
data bank group of control subjects. The broken lines are 
a latency of 3 standard deviations above the mean (112
msec) and represent the normal range for clinical
investigations.
The PRVEPs evoked by stimulation of the right half 
field of each eye are shown in Fig,10,37, The ipsilateral
L U J
. RIGHf EVE OPEN
LEFT EYE OPEN
NORMAL CONTROL 
(Data bank)
1 o <
r~
L
1 SECOND
Fig. 10.35 Grand averages of control subjects to full field stimulation
RIGHT EYE OPEN LEFT EYE OPEN
NORMAL LATENCIES +3,SD~>
256 msecs
REF
Fig. 10.36 Grand averages of control subjects to full field stimulation
zu t>
REF
NORMAL LATENCIES +3 SD ->
-8 |jV
RIGHT HALF FIELD 
Stimulation
256 msecs
Fig. 10.37 Grand averages of the control subjects
RIGHT EYE OPEN LEFT EYE OPEN
REF
NORMAL LATENCIES +3 SD — >
- 8  jjV LEFT HALF FIELD 
Stimulation
256 msecs
Fig. 10.38 Grand averages of the control subjects
'NPN' response is seen at approximately equal amplitudes at 
Oz and R5 and attenuated by about 50% at RIO, The
contralateral *PNP' is clearly shown at L10 and can be 
identified at L5, The ipsilateral and contralateral
responses evoked by Left half field stimulation are shown 
in Fig,10,38,
Figs,10,39 to 10,42 show the responses of the
migraine group. These responses are very similar to those
of the control group but slight increases of the P100
latency may be seen especially to half field stimulation.
The peaks selected for measurement were the P50, N65, 
P100, N140 and P190 for full field and ipsilateral
responses to half field stimulation. The measures of the
contralateral responses to half field stimulation were the
N50, P70, N90, P135 and N190, All these points are shown
in Fig,10,43, The responses at L10 and R10 were not 
measured.
Mean and standard deviation values derived from the 5 
cursor measurements of the responses recorded at L5, Oz and 
R5 are presented in Tables 10,38 to 10,55,
Full field stimulation
r '
Comparison of the amplitude measures of the two 
groups showed only one significant (p < 0,05) difference, a 
larger N65 component recorded at R5 to stimulation of the 
left, eye in the migraine population (Table 10,39), 
Comparison of latencies of the components evoked to full 
field right eye stimulation (Table 10,38) showed 
significantly (p < 0,05) longer values (2 to 3,5 msec) of 
the P100 component recorded at L5 and Oz for the migraine
RIGHT EVE OPEN
LEFT EYE OPEN
NORMAL CONTROL 
(Data bank)
— - 10 /jV (
---------- . . , k
1 SECOND
Fig. 10.39 Grand averages of migraine subjects to full field stimulation
LEFT EYE OPENRIGHT EYE OPEN
NORMAL LATENCIES +3 SD — >
- 8  jjV
236 msecs
REF
Fig. 10.40 Grand averages of migraine subjects to full field stimulation
RIGHT EYE OPEN LEFT EYE OPEN
REF
NORMAL LATENCIES +3 SD __>
RIGHT HALF FIELD 
Stimulation
236 msecs
Fig. 10.41 Grand averages of migraine subjects
RIGHT EYE OPEN LEFT EYE OPEN
REF
NORMAL LATENCIES +3 SD ->
LEFT HALF FIELD 
Stimulation
-8 jjV
256 msecs
Fig. 10.42 Grand averages of migraine subjects
L I U
N65
N140
P50
P190
P100
Full field and half field ipsilateral response
N190
N50
N90
P70
P135
Half field contralateral response
Fig. 10.43 Components of the PRVEP selected for amplitude 
and latency measurement
1 F F P50 N65 P100 N140 P190
, R Eye m sd n m sd n m sd n m sd n m sd n 1
C 58.5 5.0 6 69.3 6.4 21 100.2 6.6 27 136.6 14.3 25 174.5 26.3 24 '
i L5 s 53.6 6.3 18 67.8 6.6 32 103.6 6.0 44 145.1 15.2 38 186.7 16.9 33 i
t 1.71 0.87 2.2 * 2.23 * 2.0
c 51.7 2.4 16 66.1 3.7 26 99.0 5.2 27 139.5 14.6 25 189.3 25.5 26 i
I Oz s 51.4 3.5 33 66.2 5.6 42 101.7 4.5 44 144.2 13.4 43 185.4 16.1 38 i
t 0.27 0.1 2.26 * 1.34 0.68
c 50.4 1.3 9 65.4 4.9 23 100.5 6.9 27 143.3 19.4 25 189.4 30.8 20 i
i R5 s 51.7 3.9 17 65.6 7.3 34 103.6 7.1 44 147.8 19.3 40 186.2 20.4 31 i
t 1.21 0.07 1.82 0.91 0.41
AMPLITUOE (jjV)
F F i P50 l N65 P100 N140 P190
R Eye i m sd n i ID sd n m sd n 1 m sd n I m sd n i
C • 0.9 0.9 6 I -1.4 0.9 21 5.0 2.4 27 l -1.6 1.9 25 I 1.6 2.3 24 i
L5 S i 0.2 1.0 18 I -1.4 1.1 32 5.4 2.8 44 I -0.6 2.5 38 i 1.9 3.0 33 i
t i 1.5
l
I 0.2 0.51 | 1.55 0.41
C i 1.2 0.8 16 I -2.1 1.9 26 11.4 5.1 27 I -2.6 3.8 25 i 2.9 3.1 26 i
Oz S i 0.8 0.8 33 i -2.2 2.1 42 11.3 3.9 44 ! -1.6 2.8 43 | 3.9 2.9 38 |
t i 1.41 i 0.1 0.08 \ 1.23 1.36
c i 0.6 0.6 9 l -0.9 1.2 23 6.1 2.6 27 I -1.6 2.5 25 , 2.4 2.6 20 i
R5 S i 0.5 0.9
1
17 l -1.4 1.6 34 5.8 2.1 44 ! -1.3 2.5 40 | 2.2 2.3 31 !
t i 0.38
l
l 1.34 0.45 | 0.39 0.19
Table 10.38 Control .(C) and-migraine (S) subjects to full'field 
stimulation of right eyes. (* = p <0.03)
LATENCY (msec) i
F F P50 t N65 P100 N140
i P190 i
L Eye i m sd n I m sd n m sd n m sd n * m sd n 1
C I 52.8 3.1 6 i 67.0 6.1 20 100.9 7.3 27 141.2 18.3 25 I 175.4 27.2 21 1 I
L5 S I 48.7 6.0 9 I 63.7 6.8 33 103.0 6.3 41 146.2 17.8 37 i 178.8 15.6 30«
t 1 1.56
I
l 1.8 1.29 1.08 I 0.51 «
C i 51.9 2.0 13 i 66.2 4.0 25 99.9 4.9 27 141.0 12.6 26 i 186.1 26.5 23 J
Oz S i 51.7 4.1 24 l 65.8 5.4 41 102.5 4.6 44 145.5 14.1 43 1186.4 15.3 37>
t i 0.21 l 0.37 2.3 * 1.34 I 0.05 1
c i 53.3 2.2 12 » 67.7 5.5 23 101.7 6.2 27 142.4 17.3 26 i 183.8 27.0 21 »
R5 5 i 53.5 4.5 14 i 66.5 5.3 34 105.3 6.2 44 146.3 16.7 43 i 185.3 19.2 321
t ! 0.12
i
I 0.82 2.38 * 0.92
i
I 0.23 i
AMPLITUDE (pV)
1F F P50 N65 P100 N140 I P190
! E Eye m sd n i m sd n i m sd n m sd n I m sd n i
1 C 1.0 1.3 6 I -1.3 1.1 20 i 4.6 3.4 27 -0.9 1.9 25 i 2.0 2.4 21 '
• L5 S 
i t
0.3
1.46
0.7 9 i -1.4
0.66
0.9 33 I 5.4
1.19
2.4 41 -0.9
0.03
2.1 37 i
i
I
2.1
0.05
2.5 30i
• C 1.1 1.3 13 ' -2.0 1.7 25 i 10.5 4.8 27 -1.8 2.9 26 i 3.1 2.9 23 '
'Oz S 
• t
0.6
1.33
0.6 24 i -2.0
0.21
1.7 41 i 10.9
0.37
3.8 44 -1.3
0.66
2.8 43 i
i
i
4.2
1.60
2.7 37 l
' C 0.6 1.5 12 i -1.0 1.2 23 i 6.0 2.8 27 -1.2 2.0 26 i 2.0 2.2 21 I
' R5 S 
i t
0.2
0.77
0.7 14 I -1.6
2.23
1.1
*
34 i 6.1
0.20
2.2 44 -0.8
0.57
2.7 43 i
I
i
2.4
0.7
2.2 32 I
Table 10.39 Control (C) and migraine (S) subjects to full field 
stimulation, of left eyes.
group, the responses at R5 showing similar differences but 
not reaching the 0,05 level of significance. Delayed P100 
responses were recorded at L5, Oz and R5 to the left eye 
stimulation, significant at the p < 0,05 level at Oz and 
R5, as shown in Table 10,39, Also shown in Tables 10,38 
and 10,39 are the delays of the N140 component in the 
migraine population. They reached significant level only at 
L5 to right eye stimulation.
Half field stimulation 
Table 10,40 shows the mean and standard deviation 
measures and ' t* values of the amplitudes and latencies of 
the responses evoked to right half field (RHF) stimulation 
to the right eye (RE), Tables 10,41 to 10,43 show the data 
to the other half field stimulation conditions. The only 
significant differences of amplitude were that the 
contralateral P135 responses were larger in the migraine 
group in each of the four half field stimulation 
conditions, at a significance level of p < 0,05, except to 
right half field stimulation of the left eye (Tables 10,40, 
10,41, 10,42 and 10,43), Significant latency differences 
were shown for three of the five components, the migraine 
group latencies being longer than those of the control 
group. The contralateral P70 latency was longer in the 
migraine group in each of the stimulation conditions, 
significantly (p < 0,01) for nasal field stimulation of 
each eye, as shown in Tables 10,41 and 10,42,
1 The ipsilateral P100 was delayed by more than 3 msec 
in each of the stimulation conditions for the migraine 
group. At the ipsilateral and midline sites the
R H Field N50 P70 N90 P135 N190
R Eye m sd n m sd n m sd n m sd n m sd n
C 50.7 3.0 18 67.2 4.8 19 92.0 7.4 24 135.6 13.4 27 192.2 25.7 27
L 15 S 52.0 4.2 22 69.9 5.2 37 91.8 7.9 38 134.7 10.8 42 200.0 18.6 42
A t 1.08 1.91 0.10 0.32 1.46
T P50 N65 P100 N140 P190
L
N
r
c 53.0 2.7 3 66.6 7.5 23 100.1 6.5 27 142.6 15.3 27 197.0 26.6 20
Oz s 53.9 5.7 13 66.0 5.6 25 104.0 7.0 43 151.4 13.3 4Z 196.8 17.8 34
Y t 0.27 0.31 2.34 * 2.53 * 0.02
c 49.8 3.1 4 66.5 6.9 21 99.6 5.6 24 141.1 15.8 27 195.7 22.4 21
R5 s
t
50.8
0.36
5.7 12 65.5
0.53
4.8 27 103.0
2.5
5.5
•
44 150.3
2.81
7.5
**
44 193.0
0.54
14.9 35
R H Field NSO P70 N90 I P135 N190
R Eye m sd n n sd n m sd n * m sd n m sd n
C -1.0 0.5 18 1,6 1.1 19 -0.9 1.5 24 I 2-7 2.1 27 -2.2 2.5 27
A 15 S -1.3 0.6 22 1.1 0.9 37 -1.3 1.8 38 ' 3.7 1.9 42 -1.7 1.8 42
H t 2.02 1.94 0.77 * 2.10 * 1.11
P P50 N65 P100 N140 P190
L
c 0.5 0.2 3 -0.6 1.2 23 6.1 2.7 27 i -1.0 2.6 27 1.7 2.7 20
1
Oz s 0.4 0.8 13 -1.0 1.1 25 6.3 2.8 43 i -0.5 1.8 42 2.3 2.1 34
t T
! II t 0.14 0.96 0.22 : 0.88
0.88
0 c 0.3 0.6 4 -1.2 1.2 21 4.9 2.2 24 j -2.2 2.5 27 1.5 2.2 21
E R5 s 0.1 0.8 12 -1.4 1.1 27 5.1 2.2 44 * -2.2 1.8 44 1.5 1.9 35
t 0.61 0.58 0.23 i 0.05 0.13
Table 10.40 Control (C) and migraine (S) subjects to,right half field 
stimulation of right eyes.
(* = p <0.05, ** = p <0.01)
R H Field N50 P70 i N90 P135 N190
L Eye m sd n m sd n 1 m sd n m sd n m sd n •
C 49.9 3.8 12 69.1 5.0 19 : 91.7 8.3 21 135.8 15.7 25 196.9 21.6 25!
L L5 S 50.9 5.0 23 72.9 4.8 34 : 92.3 6.2 38 133.8 10.7 40 199.3 18.4 425
A t 0.58 2.73 ** * 0.3 0.62 0.49
1 P50 N65 : P100 N140 P190
E
N c 53.7 2.9 11 69.1 3.9 24 j 102.3 6.0 27 142.1 11.1 27 197.0 20.2 23;
C Oz s 53.9 5.8 17 69.2 7.0 26 * 105.5i 7.4 44 147.1 11.3 42 193.3 13.8 37 !
Y t 0.08 0.02 *• 1.91 1.83 0.85
c 51.4 3.6 9 69.3 4.3 21 l 100.8 6.4 27 142.7 10.7 27 198.3 18.4 23*
!
R5 s
t
53.0
1.10
3.4 19 68.1
0.89
5.0 30 i 104.3 
: 2.55
4.9
•
44 147.8
1.97
10.4 44 193.7
1.15
12.2 39 5
:
R H Field N50 P70 N90 P135 N190
L Lye m sd n m sd n m sd n m sd n m sd n
C -0.6 0.5 12 1.4 1.2 19 -0.8 1.5 21 3.2 1.9 25 -2.1 2.0 25
A L5 S -1.0 0.7 23 1.4 1.0 34 -1.1 1.6 38 3.8 1.9 40 -2.3 2.5 42
H t 2.01 0.13 0.65 1.24 0.29
P P50 N65 P100 N140 P190
L
I c 1.0 1.2 11 -0.5 1.4 24 6.6 2.9 27 -0.7 2.1 27 2.2 2.3 23
T
Oz s 0.7 0.6 17 -0.7 1.2 26 6.2 2.8 44 -0.4 2.1 42 2.4 2.4 37
0
t 0.67 0.50 0.51 0.49 0.27
D c 0.3 1.2 9 -1.1 1.4 21 5.5 2.5 27 -2.2 2.1 27 1.7 1.8 23
E R5 s 0.3 0.5 19 -1.5 0.9 30 5.3 1.7 44 -2.0 1.8 44 1.9 1.9 39
t 0.05 1.03 0.46 0.47 0.46
Table 10.41 Control (C) and migraine (S) subjects to right half field 
stimulation of left eyes.
L H Field P50 N65 P100 I N140 P190
R Eye * m sd n m sd n m sd n ; m sd n m sd n
C • 53.2 1.6 9 67.2 4.2 21 100.5 5.7 26 2 142.6 11.9 25 196.1 18.1 21
L L5 S : 50.9 3.8 15 68.0 4.9 33 102.8 7.2 44 i 145.2 9.4 42 188.2 13.2 35
A t ! 1.77 0.57 1.36 I 0.98 1.88
T C ; 33.6 4.8 11 67.7 4.5 24 100.5 5.5 27 > 143.6 12.3 27 129.9 18.0 21
t Oz S : 52.6 2.7 17 68.3 4.3 29 102.8 6.1 44 2 146.5 13.0 43 189.7 14.9 34
N
t : 0.68 0.56 2.31 * i 0.91 0.71
Y : N50 P70 N90 P135 N190
C ! 50.4 4.6 14 69.4 4.0 17 93.4 7.2 19 l 131.7 13.6 24 192.6 20.4 24
R5 5 : 52.5 4.4 28 74.2 5.4 33 92.1 5.7 37 » 131.9 13.7 40 199.1 17.8 40
t ! 1.46 3.25 * * 0.73 | 0.06 1.33
L H Field 2 P50 N65 P100 N140 P190
R Eye 1 m sd n m sd n m sd n m sd n m sd n
C | 0.6 0.5 9 -1.2 0.7 21 4.7 1.5 26 2 -2.2 1.6 25 0.8 1.9 21
A J L5 S 2 0.2 0.8 15 -1.3 1.0 33 4.7 2.0 44 2 -2.0 1.7 42 1.0 2.0 35
H 1 : 1.61 0.33 0.12 « 0.48 0.25
P
C 2 0.7 0.9 11 -0.6 1.3 24 6.1 2.5 27 1 -1.2 2.1 27 2.0 2.5 21
I I Oz S i 0.8 0.7 17 -1.1 1.2 29 6.7 2.6 44 1 -1.2 .1.8 43 2.4 2.1 34.
T t : 0.33 1.46 0.93 ; 0.14 0.67
U N50 P50 N90 PI 35 N190
0 C 2 -0.7 0.5 14 1.3 0.9 17 0.2 2.25 19 i 2.6 2.0 24 -2.2 2.5 24
E R5 S : -0.8 0.8 28 1.3 1.2 33 -0.3 1.6 37 f 4.0 2.1 40 -2.1 2.5 40
t : 0.54 0.03 0.91 l 2.53 * 0.10
Table 10.42 Controls(C) and migraine (S) subjects to left half field 
stimulation of right eyes.
(* = p <0.05, ** = p <0.01)
1 H Field P50 N65 PI 00 1 N140 P190
L Eye m sd n m sd n m sd n m sd n m sd n
C 50.5 2.6 11 65.8 3.9 22 99.9 6.5 27 141.8 11.8 26 190.6 19.4 22
L 15 S 50.5 2.1 10 66.6 3.7 27 103.1 5.4 44 146.9 13.6 43 188.9 12.2 34
A t 0.04 0.71 2.32 * 1.58 0.37
T c 50.1 1.7 9 65.7 3.2 24 99.8 6.5 27 143.2 16.1 27 191.1 25.9 19
E Oz s 50.9 2.4 10 66.2 3.2 27 103.4 5.8 44 147.4 14.9 44 188.5 13.9 36
N t 0.82 0.58 2.41 * 1.11 0.40
C
y N50 P70 N90 P135 N190
c 50.6 2.6 10 71.4 5.0 14 92.0 5.3 17 132.1 11.6 23 193.2 17.6 21
R5 s
t
52.9
1.52
4.4 27 72.7
0.86
4.9 32 90.8 
0.77-
5.7 35 134.6 14.8 
0.68
38 199.3 19.6 
1.19
40
! l H Field P50 N65 P100 N140 P190
, L Eye m sd n m sd n m sd n m sd ___n_ __ nj_ sd n j
: c 0.1 0.7 11 -1.2 1.0 22 3.8 1.4 27 -2.2 1.3 26 0.2 1.5 22 »
: A 1 L5 S 0.6 0.6 10 -1.5 1.1 27 4.4 1.5 44 -2.1 1.5 43 1.0 1.7 34 I
! H t 1.87 1.03 1.62 0.19 1.82
! F C 0.6 0.8 9 -0.8 1.1 24 5.5 2.3 27 -1.2 1.8 27 1.7 2.0 19 1
. I l Oz S 1.0 0.5 10 -1.2 1.0 27 6.1 2.2 44 -1.0 .1.7 44 1.8 2.0 36 1
: t
t t 1.23 1.44
K\CM 0.41 0.11
2 u ] N50 P50 N90 P135 N190
: 0 C -0.7 0.8 10 1.8 1.4 14 -0.5 1.3 17 3.1 1.7 23 -2.8 1.3 21 I
: E : R5 s -0.9 0.8 27 1.3 0.9 32 -0.4 1.4 35 4.3 1.9 38 -2.0 2.0 40 i
t 0.60 1.63 0.07 2.52 • 1.61
Table 10.43 C and S subjects to left half field stimulation of left eyes.
differences were significant at the p < 0,05 level to 
temporal field stimulation of each eye. They were
significant (p < 0,05) at 1 recording site to nasal field 
stimulation of each eye.
The ipsilateral N140 component evoked by right half 
field stimulation of the right eye was significantly 
delayed at R5 (p < 0,01) and Oz (p < 0,05) in the migraine 
group. Its mean latency was also longer in each of the 
other stimulation conditions at all the recording sites but 
not reaching statistically significant levels.
The Male Population 
The mean and standard deviation measures of the male 
population are presented in Tables 10,44 to 10,49, The 
responses to full field stimulation showed only two 
significant differences between the migraine and control 
groups, Table 10,45, The P50 showed longer latency at Oz 
and the N65 shorter latency at L5 in the migraine than 
control group.
Of the many comparisons made only three significant 
(p < 0,05) differences appeared from the half field data 
(Tables 10,47 and 10,49), There was no recognised 
distribution or pattern for two of the differences and 
their significance is questionable. The other, the
ipsilateral P190 component the latency of which was shorter 
for the migraine group in each of the half field 
stimulation conditions, only reached significant levels at 
L5 to half field stimulation of the left eye. This may have 
more substance but its value is still doubtful.
LATENCY (msec)
[f f P50 N65 P100 N140 P190
i R Eye m sd n m sd n m sd n m sd n m sd n 1
i C 58.3 6.0 3 68.0 5.8 7 103.9 6.2 10 144.1 14.2 10 179.1 22.5 9 ]
i L5 S 
I t
55.2
0.92
4.8 9 68.0
0
5.9 11 104.7
0.35
4.9 13 149.2
0.75
17.5 13 183.3
0.44
14.5 8 '
i C 52.1 2.3 7 66.9 4.5 9 101.2 4.5 10 144.5 14.7 10 191.2 28.1 9 |
I Oz S 
I t
53.7
0.91
4.1 12 68.2
0.58
5.3 12 102.9
0.81
5.4 13 147.8
0.55
13.6 13 183.8
0.72
13.2 10 J
i C 50.8 1.3 5 67.4 5,7 8 104.0 5.6 10 145.5 15.8 10 191.8 30.9 8 '
i R5 S 
i t
53.0
1.24
3.8 8 65.1
0.83
5.9 10 102.9
0.38
8.1 13 152.2
0.95
17.3 13 183.2
0.73
14.0 10 I
AMPLITUDE (jjV)
F F P50 N65 P100 N140 P190
R Eye m sd n ID sd n m sd n I m sd n m sd n
C 0.6 0.6 3 -1.1 0.7 7 5.0 2.4 10 1-1.2 1.8 10 1.8 2.1 9
L5 5 0.1 0.7 9 -1.3 0.9 11 4.8 2.5 13 1-1.3 2.4 13 1.6 2.3 8
t 1.12 0.33 0.22 (0.05 0.24
C 1.1 0.7 7 -1.0 1.0 9 10.1 4.5 10 • —2 i 4 2,5 10 3.2 2.6 9
Oz S 0.6 0.8 12 -1.6 1.2 12 10.8 4.1 13 1-2.5 2.7 13 3.4 3.7 10
t 1.36 1.3 0.41 10.08 0.09
C 0.7 0.7 5 -0.3 1.2 8 5.8 2.8 10 1-1.8 3.0 10 2.8 2.3 8
R5 S 0.3 0.7 8 -1.1 1.2 10 5.8 1.7 13 '-1.5 3.1 13 2.1 2.9 10
t 0.97 1.6 0.02 10.02 0.57
Table 10.44 Male population to full field stimulation of right eyes.
(* = p <0.05)
LATENCY [msec)
■ F F P50 N65 P100 N140 P190
! L Eye m sd n m sd n I m sd n m sd n ' ID sd n '
i C 53.8 3.6 4 66.5 5.1 6 '105.4 6.4 10 149.4 19.0 101 190.3 3.9 7 '
i L5 S 50.0 3.7 5 61.8 3.0 9 (103.0 5.4 12 147.1 21.3 131 180.4 14.7 9 I
i t 1.54 2.27 * 10.95 0.27 0.74
i C 52.2 1.2 6 66.4 4.1 8 i102.4 4.0 10 145.8 12.3 10' 198.1 27.9 7 '
i Oz S 53.3 3.2 7 67.0 5.7 13 '103.2 4.8 13 145.8 15.7 13' 186.6 16.4 11 '
i t 0.82 0.27 '0.4 0.01 1.11
i C 51.6 0.6 5 67.4 6.3 9 •104.8 5.9 10 148.8 15.2 10' 194.5 28.0 8 '
i R5 S 56.0 3.6 4 68.3 6.1 8 1105.4 5.5 13 147.5 17.6 131 188.6 20.1 10 i
i t 2.77 * 0.27 10.25 0.18 0.52
AMPLITUDE (pV)
1 F F ' P50 N65 P100 N140 I P190
I *- EYe i m sd n ID sd n m sd n m sd n i m sd n '
C ' 0.8 1.6 4 -1.6 1.0 6 4.7 4.1 10 -1.1 2.1 10' 2.0 2.8 7 '
IL5 S ' 0.1 0.3 5 -1.3 0.7 9 4.6 2.4 12 -1.3 2.3 13i 1.4 2.2 9 i
t i 0.89 0.87 0.10 0.23 I 0.50
C » 0.8 1.6 6 -1.1 1.4 8 9.2 4.3 10 -2.0 2.1 10' 3.4 3.1 7 •
•0z S ' 0.5 0.6 7 -1.4 0.8 13 9.9 4.3 13 -2.0 2.8 13' 3.2 3.5 11 '
t ' 0.44 0.67 0.39 0.02 1 0.07
C i 0.5 2.0 5 -0.8 1.2 9 6.1 2.9 10 -1.3 2.2 10' 2.3 2.6 8 '
•R5 S ' 0.1 0.8 4 -1.4 0.9 8 5.7 2.0 13 -1.2 3.0 13' 2.2 2.5 10 '
t i 0.36 1.30 0.35 0.09 i 0.10
Table 10.45 Male population to full field stimulation of left eyes.
R H Field N50 P70 N90 P135 N190
R Eye m sd n m sd n m sd n • m sd n m sd n
C 51.0 4.0 7 68.1 5.5 8 94.5 5.8 8 5140.2 15.0 10 197.2 25.8 10
L 15 S 53.0 5.5 7 71.5 4.7 11 93.5 8.6 13 ;135.0 10.9 13 199.2 21.7 13
A t 0.78 1.42 0.28 i 0.96 0.20
T P50 N65 P100 N140 P190
E
c 66.7 6.2 7 102.4 6.1 10 ! 148.0 16.1 10 210.0 17.2 8
c Oz s 67.9 3.1 7 105.1 8.8 12 i154.2 13.2 13 199.3 22.2 10
Y t 0.44 0.81 i 1.02 1.12
c 48.0 0 1 68.2 6.7 6 101.5 5.3 10 !147.7 13.5 10 203.4 12.2 9
R5 s 57.0 5.6 3 68.0 4.1 9 1.4.0 7.5 13 '.150.0 9.0 13 195.5 14.8 10
t 1.40 0.06 0.89 : 0.49 1.27
R H Field N50 P70 N90 P135 N190
R Eye m sd n m sd n m sd n 1 m sd n * m sd n
C -0.9 0.6 7 1.3 0.8 8 -1.0 1.0 8 ! 2.4 1.0 10 5-1.7 2.7 10
A L5 S -1.1 0.6 7 1.1 0.6 11 -1.3 1.8 13 | 3.5 2.4 13 5-2.4 1.7 13
H t 0.72 0.56 0.43 : 1 . 3 3 5 0.78
P P50 N65 P100 N140 P190
L
c -0.3 0.9 7 5.3 2.5 10 >-1.2 1.5 10 ! r . 5 2.1 8
1
J Oz s -0.6 0.7 7 5.4 2.9 12 *-1.3 2.0 13 * 1.5 2.0 10
u t 0.63 0.16 : 0.20 l 0.04
D c 0.7 0 1 -0.7 0.8 6 4.4 2.1 10 5-2.5 2.0 10 5 1 . 0 2.0 9
E R5 s 0.2 0.35 3 -0.9 1.4 9 4.5 2.0 13 :-2 . 8 2.1 13 : o.8 2.0 10
t 1.32 0.34 0.07 ! 0.33 * 0.18
Table 10.46 Male population to right half field stimulation of right eyes.
(* = p <0.05)
R H F N50 : P70 N90 ! P135 N190
L Eye m sd n ! m sd n m sd n ! m sd n 5 m sd n )
C 51.0 4.6 5 j'72.0 5.9 8 91.8 8.3 8; 143.7 16.7 10 j195.4 15.2 io|
L L5 S 53.5 6.4 6 174.8 3.9 11 93.5 6.9 13 ’• 132.4 10. 2 13 )195.2 19.7 13 :
A t 0.73 :1.26 0.52 S2.01 10.03
1 P50 N65 P100 : N140 P190E
N c 54.3 4.4 4 |71.3 4.7 8 105.6 6.4 10 j147.2 10.1 10 \ 199.9 14.8 9:
r Oz s 56.3 1.7 4 i 70.5 5.6 8 105.6 10.9 13 *148.4 12.1 13 :192.0 14.7 10 *
Y t 0.84 :0.29 0.00 *0.24 : 1.16
c 49.3 2.2 4 *71.3 4.8 7 104.5 6.1 10 ;149,6 10.1 10 1199.4 14.3 9 5
R5 s 54.2 2.1 5 .•69.1 4.9 8 103.9 6.0 13*149.9 12.1 13 :193.5 15.4 11 :
t 3.48 * i0.87 0.23 •0.07 i 0.89
: R H F N50 j P70 N90 P135 N190
j L Eye m sd n i ro sd n m sd n m sd n m sd n
C -0 6 0.4 5 5 1 .2 1.0 8 -0.8 1.6 8 2.6 1.3 10 1.4 1.7 10
5 A L5 s -1 4 0.6 6 5 1 .1 0.3 11 -0 8 1.7 13 3.7 2.1 13 3 3 3.6 13
: M
j -- t 2 30
* ) 0.31 0 08 1.45 1 52
. P P50 i N65 P100 N140 P190
! L 
•' T c 0 5 0.3 4 5-o 2 0.9 8 5 8 2.9 10 -0 8 1.7 10 1 8 2.2 9
! T
Qz s 0 9 0.7 4 •-0 3 1.1 8 4 8 3.2 13 -0 8 2.2 13 1 3 3.0 10
i u
t 0.95 : 0 !
O 
1 0.76 0.09 0.40
5 D c -0.3 0.7 4 -0 7 1.0 7 5.2 2.3 10 -2.5 2.5 10 1.5 2.1 9
; E R5 s 0.5 0.5 5 -1.7 0.6 8 4 . 8 1.7 13 -2.4 2.2 13 1,2 2.1 11
: t 1.94 1.36 0.38 0.09 0.32
Table 10.47 Male population to right half field stimulation of left eyes.
! L H F P50 N65 P100 N14Q P190
J R Eye ID sd n m sd n * m sd n ! m sd n m sd n
! C 52.0 1.8 4 68.3 3.6 8 ; 101.2 4.7 ’ 10 * 151.2 11.8 9 197.0 9.54 7
; L I L5 S 53.7 0.6 3 70,8 4.8 9 « 103.4 6.6 13 '146.2 10.2 13 190.0 14.7 12
: A • t 1.71 1.21 1 0.89 '1.06 1.12
• T c 54.8 3.1 5 69.5 2.9 8 ! 102.1 5.3 10 j150.9 11.1 10 193.3 13.5 8
; l i Oz s 54.8 2.2 4 71.3 4.7 8 | 104.5 7.4 13 i144.9 11.8 13 194.4 16.2 11
; N t 0.03 0.89 > 0.88 ; 1.25 0.16'• C 
. y N50 P70 J N90 P135 N190
c 52.3 5.0 6 . 71.0 5.7 6 j 90.7 7.2 7 |128.7 17.5 10 195.9 24.0 10
I R5 s 53.1 5.1 12 . 74.6 6.4 13 ' 95.2 6.1 12 '135.5 16.1 13 204.7 18.8 13
t 0.29 1.18 1 1.44 10.96 0.99
' L H F 1 P50 N65 P100 N140 P190
I R Eye I m sd n m sd n m sd n m sd n m sd n I
t
I
1
I C I °«5 0.4 4 >0.7 0.6 8 4.2 1.4 10 -2.1 1.3 9 0.7 2.2 7 |
: A l L5 S ' 0.5 0.8 3 -1.2 0.6 9 4.2 1.7 13 -2.4 1.7 13 0.2 1.8 12 J
! H l t ! 0.19 1.77 0.10 0.41 0.54
!•p 
: |
I
t c I 0.9 0.8 5 -0.1 0.9 8 5.6 1.9 10 -0.9 1.9 10 1.8 2.6 8 I
• j 1 Oz s 1 1.0 0.9 4 -1.0 0.9 8 5.8 2.4 13 -1.4 1.5 13 1.6 2.9 1T [
: T I t ! 0.20 2.02 .0.22 0.65 0.14
: u i i N50 P50 N90 P135 N190
! 0 l c | -0.6 0.5 6 1.6 1.3 6 0.1 0.8 7 3.3 1.8 10 -1.9 2.0 10 ;
j E I R5 
1
s
t
i-o.e 
I 0.68
0.7 12 1.0
1.07
1.1 13 -0.1
0.30
1.75 12 3.1
0.33
2 .0 13 -3.0
0.92
3.4 13 ',
Table 10.48 Male population to left half field stimulation of right eyes.
(* = P <0.05)
L H F P50 N65 P100 N140 P190
L Eye m sd n m sd n m sd n m sd n m sd n
C 49.5 3.4 4 65.8 5.2 8 101.5 5.3 io 149.6 9.6 10 203.1 19.1 8
L L5 s 50.8 3.0 4 65.6 3.7 8 102.8 5.1 13 147.0 11.0 13 187.9 9.2 10
A t 0.55 0.06 0.58 0.59 2.23 *
T c 49.3 1.2 3 66.9 3.4 8 102.8 4.8 10 152.7 11.5 10 206.2 25.9 6
E Oz s 50.7 3.1 3 66.4 3.9 8 102.9 5.4 13 145.5 12.4 13 187.3 9.1 11N
Q
t 0.71 0.27 0.02 1.43 1.73
Y N50 P70 N90 P135 N190
c 50.3 2.1 3 69.6 4.5 5 90.3 7.0 6 134.9 13.4 10 195.1 17.2 9
R5 s 54.5 4.4 8 71.4 5.3 9 91.9 5.8 9 141.6 17.4 11 201.2 22.1 13
t 1.52 0.65 0.47 0.97 0.7
L H F P50 N65 P100 N140 P190
L Eye m sd n m sd n m sd n m sd n m sd n
c 0.2 0.5 4 -0.8 0.7 8 3.3 0.9 10 -2.3 1.2 10 0.2 1.7 8
A 15 s 0.4 0.7 4 -0.9 0.7 8 4.2 1.7 13 -2.4 2.0 13 1.1 2.3 10
H t 0.51 0.38 1.68 1.10 0.87
P
L c 0.1 0.7 3 -0.3 1.2 8 3.3 0,9 10 -1.1 1.5 10 2.3 1.7 6
I I Oz s 1.2 0.4 3 -0.7 1.1 8 4.2 1.7 13 -1.4 1.9 13 1.9 3.0 11
T t 2.59 0.87 . 1.16 0.41 0.29
U N50 P50 N90 P135 N190
D c -0.6 0.7 3 1.7 2.0 5 -0.4 1.0 6 2.7 1.5 10 -2.8 1.3 9
t R5 5 -0.8 0.64 8 1.2 0.7 9 -0.1 1.4 9 3.5 1.4 11 -2.4 2.6 13
t 0.41 0.61 0.48 1.24 0.41
Table 10.49 Male population to left half field stimulation of left eyes.
The Female Population - Full Field Stimulation 
The amplitude of the P100 component recorded at Oz to 
full field stimulation of the left and right eyes was 
larger in the migraine than the control group*. The 
difference was statistically significant (p < 0,05) only to 
stimulation of the left eye (Table 10,51), The only other 
significant amplitude difference was considered to be due 
to chance.
Significant latency differences of the P100 were 
shown between the groups at each of the recording sites to 
stimulation of each eye as shown in Tables 10,50 and 10,51, 
Its mean latency was 3,8 to 5,5 msec longer for the 
migraine than control group, depending on the recording 
site with significant values of p < 0,05 to p < 0,001 
according to location.
The migraine groups showed longer latencies for the 
N 140 component than the control group but the differences 
were significant (p < 0,05) only at L5, for stimulation of 
the right eye (Table 10,50), Under the same conditions and 
at the same location the P190 also showed statistically 
significant (p < 0,05) delay in the migraine subjects.
Female Population - Half Field Stimulation 
Only one significant amplitude difference was found 
between the migraine and control groups of the female 
population. The contralateral P135 recorded at R5 was 
larger for the migraine subjects (p < 0,01) to left half 
field stimulation of the right eye (Table 10,54), The 
response recorded at the same location to left half field
LATENCY (msec)
' F F P50 N65 P100 N140 i P190
! R Eye m sd n I m sd n i m sd n m sd n • m sd n 1
I C 58.7 5.1 3 I 70.0 6.8 14i 98.1 6.0 17 131.5 12.4 15' 171.7 28.7 15*
i L5 S 52.0 7.5 9 l 67.6 7.0 21i 103.1 6.4 31 143.0 13.7 251 187.8 17.7 25*
i t 1.11 0.99 2.66 * ■ 2.64 * I 2.2 *
i C 51.3 2.6 9 ' 65.7 3.3 17] 97.8 5.3 17 136.2 14.0 15l 188.2 24.8 17i
I Oz S 50.1 2.4 21 I 65.4 5.5 301 101.2 4.1 31 142.6 13.3 30' 186.0 17.2 28]
I t 1.23 0.19 2.49 * 0.57 10.02
I c 50.0 1.4 4 ' 64.4 4.3 15 J 98.4 6.9 17 141.8 21.9 15!187.8 32.1 12[
i R5 S 50.6 3.8 9 I 65.8 7.9 241 103.9 6.7 31 145.6 20.1 27' 187.7 23.0 21'
i t 0.28 0.61 2.7 ** 0.57 10.02
AMPLITUDE (jjV)
F F 1 P50 N65 P100 N140 i P190
R Eye j m sd n i m sd n m sd n m sd n I m sd n •
C ' 1.2 1.2 3 1 -1.5 0.9 14 5.1 2.5 17 -1.8 2.1 15! 1.4 2.5 15!
L5 S i 
t i
0.3
1.07
1.3 9 ' -1.5
0.06
1.2 2.1 5.6
0.67
2.1 31 -0.3
1.89
2.6 25]
l
2.0
0.56
3.3 25]
C ' 1.2 1.0 9 1 -2.7 2.1 17 12.2 5.4 17 -2.7 4.5 15 2.7 3.4 17]
Oz S ' 
t •
0.9
0.84
0.9 21 • -2.4
0.48
2.4 30 11.5
0.49
3.8 31 -1.2
1.17
2.8 20 [ 
I 03
2.6 28]
C I 0.5 1.6 4 ' -1.2 1.1 15 6.2 2.6 17 -1.6 2.2 15! 2.1 2.8 12]
R5 S I 
t i
0.6
0.21
1.1 9 i -1.5
0.60
1.8 24 5.8
0.55
2.2 31 -1.3
0.53
2.2 27 1i
i
2.3
0.28
2.0 21 ]
Table 10.50 Female population to full field stimulation of right eyes.
(* = p <0.05, ** = p <0.01)
LATENCY [msec)
]f f P50 N65 P100 N140 PI 90
iL Eye m sd n i m sd n m sd n m sd n m sd n 1
i C 51.0 0.0 2 ' 67.2 6.6 14 98.2 6.5 17 135.7 16.2 15 168.0 21.5 14'
i L5 S 47.0 8.4 4 1 64.4 7.7 24 103.0 6.7 29 145.7 16.0 24 178.1 16.2 211
i t 0.64 1.16 2.36 * 1.90 1.58
i C 51.7 2.6 7 i 66.2 4.0 17 98.5 4.8 17 1 7.9 12.1 16 180.8 24.9 16'
l Oz S 51.1 4.3 17 i 65.2 5.2 28 102,3 4.4 13 145.3 13.7 30 186.3 15.2 261
l t 0.37 0.65 2.77 ** 1.82 0.89
i C 54.6 2.2 7 ' 67.9 5.1 14 99.8 5.7 17 . 138.4 17.8 16 177.2 25.1 13]
i R5 S 52.5 4.6 10 i 66.0 5.1 26 105.2 6.6 31 145.7 16.5 30 183.8 19.0 22'
i t 1.24 1.12 2.85 ** 1.39 0.89
AMPLITUDE (jjV)
F F P50 i N65 P100 N140 P190
L Eye m sd n i m sd n I m sd n m sd n m sd n
C 1.4 0.4 2 ! -1.1 1.1 14] 4.5 3.0 17 -0.8 1.8 15 2.0 2.4 14
L5 S 
t
0.5
1.19
1.0 4 I
l
I
-1.5
1.18
1.0 241 5.8
1.58
2.4 29 -0.7
0.12
1.9 24 2.3
0.36
2.6 21
C 1.4 1.0 7 'i -2.4 1.6 17' 11.4 4.9. 17 -1.6 3.3 16 2.9 2.9 16
Oz S 
t
0.7
2.23
0.6 17I
i
-2.3
0.05
1.9 28' 11.4
0.0
3.5 31 -1.0
0.66
2.9 30 4.7
2.18
2.2
*
26
c 0.7 1.2 7 ' -1.1 1.2 14' 6.0 2.8 17 -1.1 2.0 16 1.8 2.0 13
R5 S 
t
0.3
0.87
0.6 10 I 
I 
I
-1.7
1.61
1.1 26' 6.3
0.44
2.2 31 -0.7
0.60
2.6 30 2.5
1.02
2.1 22
Table 10.51 Female population to full field stimulation of left eyes.
R H F N50 P70 : N90 : P135 : N190
R Eye m sd n m sd n ! m sd n ■ m sd n : m sd n J
c 50.6 2.5 11 66.5 4.4 11 ; 90.8 8.0 16]132.9 11.9 17 j 189.3 26.0 17!
L •' L5 5 51.5 3.5 15 69.2 5.3 26! 90.9 7.5 25'134.6 11.0 29 ! 200.4 17.5 29;
A t 0.80 1.52 : 0.05 : 0.46 : 1.74
T P50 N65 i P100 I N140 : P190
I
N
0
C 53.0 2.7 3 66.6 7.7 16] 98.8 6.5 17j139.4 14.3 17 ]188.3 28.8 1 2:
: Oz S 51.8 5.1 8 65.3 6.2 18 I 103.6 6.3 31:150.1 13.4 29 : 195.8 16.1 24!
Y t 0.39 0.51 ! 2.52
* : 2.56 * : 0.84
c 50.3 3.5 3 65.9 7.1 15! 9 8 . 5 5.5 17!137.2 16.2 17 ! 189.8 26.8 12i
:R5 s
t
48.8
0.58
4.2 9 64.4
0.69
4.7 18 i 102.6
! 2.76
4.5
*-*
31:150.4
•3.93
7.0 13 : 192.0 
j 0.32
15.1 25:
R H F N50 P70 : N90 : P135 N190 :
R Eye m sd n ! m sd n 1 m sd n 1 m sd n ■ m sd n !
t C -1.0 0.5 11 ] 1.9 1.3 11 ! -0.9 1.7 16 2.8 2.5 17 ! -2.6 2.4 17!
A ! L5 s -1.4 0.6 15 ! 1.1 1.1 26 ! -1.3 1.8 25 3.8 1.7 29 * -1.3 1.8 29]
M t 1.88 :1.99 : 0.62 1.56 J 1.96
P i P50 N65 : P100 N140 i P190 :
L l c 0.5 0.2 3 j-0.8 1.3 16 | 6.6 2.8 17 -0.9 3.1 17 : 1 . 9 3.1 12
• Oz s 0.2 1.0 8 J-1.1 1.2 18 s 6.6 2.7 31 -0.2 1.6 29 : 2.6 2.1 24
; ii t 0.68 j0.74 : 0.05 i0.89 : 0.84
D c 0.2 0.6 3 ;-1.4 1.3 15 I 5.3 2.6 17: -2.0 2.8 00 2.4 12
E !R5 s 0.0 0.9 9 ••-1.6 0.9 18 • 5.3 2.2 31 * -1.9 1.7 31 : 1.8 1.9 25
i t 0.29 : 0.62 : 0.09 :0.14 : 0.01
Table 10.52 Female population to right half field stimulation of right 
eyes.
(* = p <0.05, ** = p <0.01, *** = p <0.001)
;RHF N50 P70 N90 P135 : N190
• L Eye m sd n ! m sd n : m sd n : m sd n : m sd n :
C 49.2 3.3 7 ]67.0 2.9 11 ] 91.7 8.7 13 ] 130.6 13.0 15 ]197.9 25.5 15;
! L •’ L5 S 49.9 4.2 17 172.0 5.0 23 : 91.7 5.8 25H34.5 11.0 27 :201.2 17.7 29:
: A : t 0.44 ,•3.04 ** : 0.01 11.02 :0.50
: T : P50 N65 P100 : N140 1 P190
. L
: N : c 53.4 2.0 7 ]68.1 3.2 16 ; 100.3 5.0 17 ] 139.1 10.3 17 ]195.4 23.3 14;
! c ;0z s 53.1 6.5 13 :68,6 7.7 18 : 105.4 5.5 31 H46.6 10.9 29 :193.8 13.7 27 :
• Y :
t 0.11 :0.24 : 3.2 ** :2.3 * : 0.24
c 53.2 3.7 5 *68.3 3.8 14 • 98.7 5.7 17 1138.7 9.1 17 i197.5 21.0 14i
;R5 s 52.6 3.8 14 s 67.7 5.0 22 ! 104.4 4.5 31 :146.9 9.7 31 s193.8 12.0 28:
t 0.32 tO. 36 !• 3.85 *** ‘•2.87 ** j 0.73
|R H F N50 P70 N90 : P135 N190
! L Eye m sd n m sd n m sd n * m sd n m sd n
C -0.5 0.5 7 1.6 1.4 11 -0.7 1.6 13] 3.6 2.1 15 -2.6 2.0 15
1 A * L5 S -0.9 0.8 17 1.6 1.1 23 -1.2 1.6 25' 3.9 1.8 27 -1.8 1.7 29
: H i t 1.27 0.12 0.85 :0.40 1.3
: P : P50 N65 P100 i N140 PI 90
; l ; * *
: t * C 1.2 1.4 7 -0.7 1.6 16 7.0 2.9 17 ! -0.7 2.4 17 2.5 2.4 27
i 10z 
: T :
S 0.7 0.6 13 -0.9 1.2 18 6.8 2.5 31 : -0.3 2.1 29 2.8 2.0 27
i u ;—
t 1.02 0.48 0.28 i0.59 jO.41
: d : C 0.7 1.4 5 -1.4 1.5 14 5.7 2.6 17 ; -2.1 1.8 17 1.7 1.6 14
; E ;R5 S 0.2 0.5 14 -1.5 0.9 22 5.5 1.7 31 i -1.8 1.6 31 2.1 1.7 28
t 0.74 0.43 0.4 :0.45 : 0.7
Table 10.53 Female population to right half field stimulation of left 
eyes.
1 H F P50 N65 P100 N140 : P190
R Eye II) sd n ' m sd n m sd n m sd n m sd n
C 54.2 0.5 5 ' 66.6 4.5 13 100.1 6.4 16 137.8 9.1 16 ;195.6 21.5 14
L L5 S 50.2 3.9 12J 66.9 4.6 24 102.5 7.5 31 144.8 9.1 29 *187.3 12.5 23
A t 2.26 * i 0.19 1.10 2.45 * (1.50
T c 52.5 5.9 6'. 66.8 4.9 16 99.7 5.6 17 139.4 11.2 17 '.192.7 20.8 13
t Oz s 51.9 2.5 13* 67.2 3.7 21 103.6 5.6 31 147.2 13.6 30 '187.5 14.1 23
N t 0.31 ! 0.35 2.34 * 2.01 • 0.90
C
y N50 1 P70 N90 P135 I N190
c 48.9 4.0 8 s 68.5 2.6 11 95.0 7.0 12 133.8 10.1 14 j190.3 18.0 14
R5 s 52.1 3.9 16 l 74.0 4.9 20 90.7 5.0 25 130.2 12.4 27 !196.4 17.0 27
t 1.88 I 4.09 M * 2.16 * 0.94 : 1.06
L H F : P50 N65 P100
i1 N140 PI 90
R Eye I m sd n ip sd n 1 m sd n j m sd n m sd n
C * 0.8 0.6 5 -1.5 0.7 13 4.9 1.5 16 ' -2.3 1.8 16 0.9 1.9 14
A L5 S : 0.1 0.8 12 -1.3 1.1 24 4.9' 2.0 31 * -1.9 1.8 29 1.4 1.9 23
H t | 1.8 0.6 0.0 \ 0.8 0.7
P
C ! 0.6 1.1 6 -0.9 1.4 16 6.4 2.9 17 * -1.5 2.3 17 2.1 2.5 13
J > Oz S i 0.8 0.6 13 -1.1 1.3 21 7.1 2.6 31 i -1.1 2.0 30 2.8 1.6 23
T t : 0.5 0.6 0.8 ! 0.6 1.0
U N50 P50 N9Q »» P135 N190
D C ; -0.8 0.4 8 1.1 0.7 11 0.3 2.8 12 j 2.2 2.0 14 -2.4 2.8 14
E R5 S :-0.8 0.9 16 1.4 1.3 20 -0.3 1.6 25 * 4.6 2.1 27 -1.7 1.9 27
t ! 0.18 0.95 0.85 i 3.37 ** 0.98
Table 10.54 Female population to left half field stimulation of right 
eyes.
(* = p <0.05, ** = p <0.01, *** = p <0.001)
L H F P50 N65 P100 * N140 ! P190
L Eye m sd n | m sd n m sd n | m sd n sd n
C 51.0 2.2 7 f 65.9 3.2 14 98.9 7.0 17 ' 136.9 10.5 16 ;183.4 16.0 14
L L5 5 50.3 1.6 6! 67.0 3.7 19 103.3 5.5 31 i 146.8 14.8 30 '189.3 13.4 24
A t 0.62 « 0.93 2.39 * I 2.38 * i 1.21
T C 50.5 1.9 6 | 65.1 3.0 16 98.1 6.8 17 ! 137.7 16.0 17 ‘.184.1 23.6 13
E Oz S 51.0 2.3 7 ' 66.1 2.9 19 103.6 6.0 31 | 148.2 16.0 31 1189.1 15.7 25
N t 0.42 i 1.04 2.93 »* * 2.18 * *0.78
Y N50 ! P70 N90 * P135 I N190
C 50.7 3.0 7 ' 72.3 5.2 9 92.9 4.2 11 | 129.9 10.0 13 ',191.8 18.5 12
R5 S 52.2 4.3 19 i 73.2 4.8 23 90.4 5.7 26 * 131.7 12.9 27 *198.4 18.6 27
t 0.82 i 0.46 1.29 : 0.44 11.01
L H F P50 1 N65 P100 ' N140 P190
L Eye 1 m sd n * m sd n m sd n J m sd n m sd n
i C ; 0.0 0.8 7 j -1.3 1.1 14 1.6 17 ; -2.1 1.5 16 0.1 1.4 14
A { L5 s 0.7 0.5 6 * -1.7 1.2 19 4.5 1.5 31 » -2.0 1.3 30 0.9 1.4 24
M : t : 1.9 I 0.82 0.78 ! 0.23 1.65
p i 
1 i c ; 0.9 0.8 6 | -1.0 1.0 16 5.9 2.6 17 | -1.3 2.0 17 1.4 2.2 13
1 Oz I j s l 0.9 0.6 7 1-1.4 1.0 19 6,3 2.2 31 * -0.9 1.6 31 1.7 1.5 25
t :__ t ! 0.09 : 1.08 0.61 i 0.76 0.48
u * N50 P50 N90 | P135 N190
D : c j-0.7 0.9 7 j 1.9 1.1 9 -0.5 1.5 11 j 3.3 1.8 13 -2.8 1.4 12
E : R5 s *-0.9 0.9 19 ' 1.3 1.0 23 -0.6 1.4 26 j 4.6 2.0 27 -1.9 1.6 27
t i 0.45 i 1.45 0.11 : 1.92 1.77
Table 10.55 Female population td left half field stimulation of left 
eyes.
stimulation of the left eye was also larger in migraine 
subjects but the difference was not statistically 
significant (Table 10,55),
A number of latency measures were significantly 
different, the migraine group showing longer latencies than 
the control group on each occasion. The ipsilateral P100 
was delayed at the midline and ipsilateral recording sites 
in each of the half field stimulation conditions with one 
exception (at L5 to Left half field stimulation of the
right eye), The mean delay across all the conditions was
approximately 5 msec and the statistical significance 
ranged from p < 0,05 to p < 0,001 depending on the location 
and stimulus presentation (Tables 10,52 to 10,55), 
Fig,10,44 was constructed from the responses of the female 
population to right half field stimulation to demonstrate 
the statistical evidence described. It shows the responses 
of the migraine group (thick) superimposed and slightly 
offset on the control group (thin), The latency delays 
shown in Tables 10,52 and 10,53 are relevant to Fig,10,44, 
The ipsilateral N140 was delayed approximately 9 msec 
(mean value for each location and condition) at the 
ipsilateral and midline sites, except at Oz to left half 
field stimulation of the right eye. The significance
levels ranged between p < 0,05 and p < 0,001 depending on
stimulation conditions and recording sites.
The contralateral P70 was shown to be significantly 
delayed to nasal field stimulation of each eye but not to 
temporal field stimulation, Tables 10,53 and 10,54, The 
significance values, p < 0,005 at L5 and p < 0,0004 at R5 
for delays of 5 msec and more, demonstrate a quite
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prominent and topographically selective effect on the 
visual system.
The significant (p < 0,05) delay of the P50 component 
recorded at L5 to left half field stimulation of the right 
eye shown in Table 10,54 was the only significant 
difference of the P50 to any of the stimulation conditions 
and may be due to chance.
The female migraine population was divided according 
to age and the P100 response recorded at Oz to half field 
stimulation was examined for significant latency 
differences. Consistently longer latencies were found in 
the Young and Older migraine groups than the Young and 
Older control groups but they reached significant levels 
(p < 0,05) only for right half field stimulation of each 
eye condition in the Young female population (Table 10,56), 
There was consistent increase of latency of the P100 in the 
Older control group compared with the Younger control group 
(but not to significant levels) whilst this was not shown 
in the migraine population (Table 10,56)
Correlation of lengths of migraine history and 
number of attacks with physiological measures. 
Data that showed significant differences between the 
migraine and control groups (females only) were examined 
for evidence of correlation with the duration of migraine 
history and number of attacks suffered.
The female migraine population was divided into two 
subgroups according to the duration of their migraine 
history. One group comprised subjects who had suffered 
their first attack less than 6 years previously and the
^ i. u
rIELD EYE m sd n m sd n t
•FCY' *FSY'
RHF RE 97.1 4.8 7 104.4 8.0 12 2.17
RHP LE 98.7 5.3 7 105.9 6.8 12 2.4
LHF RE 97.4 6.2 7 101.7 6.0 12 1.47
LHF LE 96.0 8.0 7 103.3 7.2 12 2.05
»FCO' •FSO'
RHF RE 99.9 3.6 10 103.1 5.0 19 1.78
RHF LE 101.4 4.7 10 105.1 4.7 19 2.02
LHF RE 101.2 4.8 10 104.8 5.2 19 1.80
LHF LE 99.5 5.7 10 103.8 5.3 19 2.02
'FCY' 'FCO'
RHF RE 97.1 4.8 7 99.9 3.6 10 1.37
RHF LE 98.7 5.3 7 101.4 4.7 10 1.11
LHF RE 97.4 6.2 7 101.2 4.8 10 1.42
LHF RE 96.0 8.0 7 99.5 5.7 10 1.06
'FSY' ’FSO1
RHF RE 104.4 8.0 12 103.1 5.0 19 0.56
RHF LE 105.9 6.8 12 105.1 4.7 19 0.40
LHF RE 101.7 6.0 12 104.8 5.2 19 1.53
LHF LE 103.3 7.2 12 103.8 5.3 19 0.20
Table 10.56 P100 latency values at Oz, to half field stimulation, 
in the female control (C) and migraine (S) groups compared according 
to age, Y (15— 35 years), 0 (36— 55 years).
(* = p < 0 . 0 5 )
other those with attacks starting 6 years or more 
previously, as described in section 9,2, Comparisons of 
the latencies and amplitudes of the P100 evoked at Oz by 
full field stimulation to each eye were made between the 
groups. The latencies of the ipsilateral P100 and N140 
responses, recorded at the lateral electrodes to half field 
stimulation of each eye for each group, were also compared. 
No significant differences were found Table, 10,57,
Similar division of the Female Migraine population 
was made according to the number of attacks suffered, the 
grouping being the same as that described in section 9,2, 
The two extreme groups only were used, i,e, subjects 
suffering less than 100 attacks and those suffering more 
than 900 attacks. The P100 response recorded at Oz to full 
field stimulation showed no significant differences of 
latency or amplitude between the groups, Table 10,58, as 
did the P100 at Oz evoked by half field stimulation to each 
eye. The ipsilateral N140 to left Half Field stimulation 
of the left eye showed significantly delayed responses in 
the group of subjects who had suffered the most attacks. 
However, there were 2 missing values in this group reducing 
the size of the sample and there was no consistenlty 
supportive evidence from the other stimulation conditions, 
which leaves some doubt about the reliability of this 
isolated statistic.
Laterality of responses in relation to 
distribution of headaches 
The migraine subject population was divided into 3 
groups according to the distribution of their headaches;
100 FULL F I E L D
Oz LATENCY AMPLITUDE
Right eye Left eye Right eye Left eye ......
HISTORY m sd n m sd n m sd n m sd n
1 to 6 yrs 101.7 4.2 24 102.6 4.6 24 11.7 3.7 24 11.4 3.3 24
6 yrs or more 99.3 3.6 7 101.1 3.3 7 11.2 4.7 7 11.2 4.5 7
t 1.36 0.76 0.29 0.12
p
r100
LATENCY
Oz RIGHT HALF FIELD LEFT HALF FIELD
Right eye Left eye Right eye Left eye
HISTORY m sd n m sd- n m sd n m sd n
T to-6'yrs • 102.8 5.3 24 105.3 4.8 24 104.5 5.9 24 104.0 6.7 24
6 yrs or more 106.4 8.8 7 105.7 8.0 7 100.4 3.5 7 102.0 2.0 7
t 1.37 0.16 1.73 1.12
N140
IPSILATERAL
LATENCY 
RIGHT HALF FIELD LEFT HALF FIELD
Right eye Left eye Right eye Left eye
HISTORY m sd n m sd n m sd n m sd n
1 to 6 yrs 150.4 7.7 24 149.8 9.4 24 144.6 8.8 23 146.8 15.1 23
6 yrs or more 150.9 7.3 7 143.3 4.0 7 145.3 11.3 6 146.9 14.9 7
t 0.14 1.76 0.16 0.10
Table 10.57 Responses to full and half field stimulation of the Female 
migraine group tested for relationship with length of migraine history. 
Ipsilateral responses recorded at L5 or R5.
p FULL FIELD
Oz LATENCY AMPLITUDE
Right eye Left eye Right eye Left eye
ATTACKS m sd n m sd n m sd n m sd n
100 or less 103.3 4.2 9 104.1 4.2 9 10.1 1.4 9 9.8 1.6 9
900 or more 103.5 2.8 8 103.1 4.9 8 11.4 5.3 8 11.5 4.6 8
t 0.11 0.45 0.71 1.04
P _ LATENCY
100
Oz
RIGHT HALF FIELD LEFT HALF FIELD
Right eye Left eye Right eye Left eye
ATTACKS m sd n m sd n m sd n m sd n
100 or less 105.4 6.4 9 106.9 5.6 9 105.8 5.3 9 106.2 6.2 9
900 or more 103.1 4.4 8 105.5 3.7 8 107.3 4.6 8 104.6 5.5 8
t 1.22 1.41 0.62 0.56
ki LATENCY
140 ------------------------------
IPSILATERAL RIGHT HALF FIELD LEFT HALF FIELD
Right eye Left eye Right eye Left eye
ATTACKS m sd n m sd n m sd n m sd n
100 or less 150.9 5.8 9 144.2 8.7 9 148.4 7.7 9 144.4 5.2 9
900 or more 152.8 8.4 8 151.3 10.5 8 147.4 11.0 9 152.8 7.0 6
t 0.55 1.53 0.22 2.68 *
Table 10.58 Responses to full and half field stimulation of the Female 
migraine population tested for relationship with numbervof attacks. The 
Ipsilateral responses were recorded at L5 or R5. (* = p <0.05)
left, right and bilateral or mixed laterality. The 
amplitude and latency of the P100 component recorded at L5 
and R5 in response to full field monocular stimulation of 
each eye was analysed. One way analysis of variance 
(ANOVA) was used to test for significant differences 
between the headache groups. Table 10,59 shows the results 
of the ANOVA's for the total migraine population; no
significant differences were found. The subjects were 
further divided according to sex and re-examined. No 
significant differences were found in the Male population 
(Table 10,60) ,
The female population showed no significant amplitude 
differences of the P100 to headache distribution, Table 
10,61a, Differences of latency of the P100 were shown 
between the left, right and bilateral distributions of 
headaches and the control group but significance levels 
were only attained at L5 to stimulation of the right eye 
(p < 0,05, Table 10,61b), Further analysis of these effects 
showed that the differences were between the control and 
migraine groups and not between the migraine subjects
grouped according to headache distribution (Table 10,61c),
10,7 REPETITIVE FLASH VISUAL EVOKED POTENTIALS
(RFVEP)
The results in sections 10,2 to 10,6 were from the 
computer averaged evoked potential data and show some of 
the predicted differences. However the original work of 
Golla and Winter (1959) describing RFVEPs in migraine and 
control subjects (H response) was made using an analogue
frequency analyser and this part of this study was designed
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(a)
(b)
Full field
AMPLITUDE (jjV)
L5 R5
; r iuu
n Rt Eye Lt Eye Rt Eye Lt Eye
, Control 17 5.1 4.5 6.2 6.0
: h 'i j
; e  ^ Right 10 5.7 5.5 5.2 5.5
1 d ' Left 11 5.2 5.4 5.2 5.7
• a ' Bilateral 10 6.0 6.4 7.0 7.6
, c i ........
hi F 0.30 1.10 1.50 1.62
• e t
' _____________________--- 0.83 0.37 0.23 0.20
Full field
LATENCY (msec)
P100 —
L5 R5
n Rt Eye Lt Eye Rt Eye Lt Eye
Control 17 98.1 98.2 98.4 99.8
H •
e i Left 10 103.2 101.3 103.6 105.2
^ ' Right 11 104.8 104.7 105.4 105.8
a 1 Bilateral 10 101.1 102.9 102.6 104.6
c ' - - - _ _
h ' F 2.96 2.23 2.67 2.67
e 1 
, P 0.05 0.10 0.06 0.06
(c)
1p* values of latency differences betweerk.the headache (h/a) groups.
at L5 Right eye stimulation i Left eye stimulation
control LLt h/a Rt h/a ! .control Lt h/a Rt hy
Left h/a 0.05 1 0.27
Right h/a 0.008 0.56 ' 0.02 0.29
Bilateral h/a 0.24 0.46 0.19 1 0.09 0.62 0.56
at R5
Left h/a 0.07 1 0.05
Right h/a 0.02 0.56 , 0.02 0.83
Bilateral h/a 0.14 0.75 0.36 ! 0.07 0.84 0.67
Table 10.61 Female subjects, (a) and (b) mean values and results of 1 
AN0VA; (c) results of t tests between each paired subgroup combination.
to re-examine the 'H' response using modern techniques and 
re-establish the statistical evidence so that it could be 
used for comparison with the averaged evoked potential 
data. The 'H' response criteria is based entirely on the
fundamental (1st harmonic) response to the frequency of the
stimulus,
The recordings were made on a 16 channel Elema 
Schonander EEG machine. The amplifier gains were set to 50 
microvolts per cm, the high frequency filters to 700 Hz 
(—3db) and the time constants to 1,2 seconds, A DEC
PDP11/03 computer provided on-line frequency analysis 
of two channels of EEG simultaneously written directly onto 
the EEG record as described in section 8,2, The unpatterned 
flashes were between 60,000 and 80,000 nits (peak
luminance) and the background lighting about 4,5 lux 
(section 8,2),
The flash tube was triggered by the 11/03 computer by 
the same programme that performed the frequency analysis. 
This ensured that the stimulating frequency was exactly 
matched and locked to the measuring system. The programme 
provided flashes at 4 f/s for the duration of an 8 second 
epoch and was synchronously stepped on to 6 f/s at the 
commencement of the next epoch. The stimuli were
continuous and increased in frequency in steps of 2 f/s at 
the commencement of each epoch through the range from 4 to 
24 f/s. Bipolar recordings were made from silver-silver 
chloride disc electrodes, T4-02, C4-02, T3-01, C3-01 and 
Oz-Fz during stimulation,
A short period of spontaneous EEG, with the subject's 
eyes open, followed by a period with the eyes closed was
analysed before stimulation started. The flash tube was
then placed about 10 cms in front of the subject's eyes and
3 sequences of flash stimulation, each covering the full
frequency range (4-24 f/s) were presented with the
subject's eyes shut. The sequences were then repeated with 
the subject's eyes open. Two channel frequency analysis was 
made from homologous regions of each hemisphere and from 
Oz-Fz,
The peak of the amplitude histogram, in the alpha 
frequency band and the response at 18 f/s were measured as 
well as the trough between these frequencies when one was 
shown. This was done for the spectra obtained from each 
channel in the eyes open and eyes closed situations. The
ratios were calculated, as described in section 4,2,5, to
determine whether the 'H' criteria were met.
For the purpose of tabulation and statistical
analysis of the results, an 'H' response derived from any 
one of the recording derivations, except Oz to Fz, was 
counted as an 'H' response for that subject. Eyes open and 
eyes closed conditions were considered separately. The Oz 
-Fz derivation was considered separately since the object 
of using this derivation was to make comparisons with the 
averaged data (section 10,5),
As was expected, from the evidence of the original
'H' response study, the incidence of the response in
subjects suffering from classical migraine was
significantly higher than in control subjects. The
chi-squared tests for contingency of the data shown in
Table 10,62 shows that the association between the 'H' 
response and migraine sufferers is highly unlikely to be
ALL DERIVATIONS EXCEPT OZ to FZ OZ to FZ
EYES CLOSED 
H n %
EYES OPEN 
H n %
EYES CLOSED 
H n %
EYES OPEN 
H n %
CONTROL
MIGRAINE
X2
P
3 27 11 
33 44 75 
27.4 a 
0.001
8 27 30 
32 45 71 
11.76 
0.001
2 27 7
29 44 66
23.33 a 
0.001
11 27 41 
31 45 69 
5.61 
0.02
Table 10.62 H response relationships using spectral analysis of 
' RFVEPs ( s 1 subject excluded, see text )
Incidence of 'H' response in Migraine Population
All deviations except Oz to Fz
H n O'/O
TOTAL POPULATION 33 44 75
FEMALE 25 32 78 )
MALE 8 12 67 )
YOUNG FEMALE 11 13 85 )
OLDER FEMALE 14 19 74 )
YOUNG MALE 2 4 50 )
OLDER MALE 6 8 67 )
YOUNG POPULATION 13 17 76 )
OLDER POPULATION 20 27 74 )
Length Migraine History
Less than 6 years 7 8 88 )
More than 6 years 26 36 72 )
Number of attacks
Less than 100 7 9 78 )
More than 900 5 8 63 )
X2 = 0.61
X2 = 0.49
X2 = 0.72
X2 = 0.02
X2 = 1.12
X 2 = 0.48
Table 10.63
due to chance; 75% of the migraine subjects (eyes closed) 
against 11% of the control subjects. Eyes closed
conditions were shown to be best for differentiating 
migraine and control subjects. One migraine subject began 
to develop myoclonic twitching of the facial muscles when 
he was stimulated through closed eyelids and the test was 
aborted. The eyes open data of this subject was retained 
and the eyes closed data excluded from analysis (Table 
10,62), The incidence of the 'H' response in the various 
subgroups of the people with migraine is shown in Table 
10,63, The chi-squared values show no significant 
differences between the sub-groups tested.
The data obtained from the Oz-Fz derivation in the 
ARFVEP study was tested with the 'H' response criteria and 
the results from the two techniques compared. Table 10,64 
shows the numbers of the migraine and control subjects 
showing 'H1 responses by either or both of the techniques 
and those in whom neither technique evoked an 'H' response. 
The ARVEP study was made with the subject's eyes open and 
the data is shown compared with the data from the eyes open 
conditions of the RFVEP, The relationships of the 
responses obtained by the different techniques are shown, 
by the chi-squared values in Table 10,64, to be due to 
chance.
The alpha rhythm frequency recorded from the subjects 
showing an 'H' response was compared with that of the 
subjects showing no 'H' response. The alpha frequency 
component of greatest amplitude, as shown by the frequency 
histograms when the subject's eyes were closed, was used 
for this purpose. When the bandwidth of the alpha rhythm
MIGRAINE CONTROL
' H' by ARFVEP and RFVEP techniques 17 5
• H' by ARFVEP not by RFVEP techniques 5 8
• H* by RFVEP not by ARFVEP techniques 14 6
No 1H1 by either technique 9 8
45 27
CONTOL SUBJECTS MIGRAINE SUBJECTS
RFVEP RFVEP
A *H* NO *H* A •H' NO'H'
R
F •H' 5 (5.3) 8 (7.7 13
R
F •H' 17 (15.2) 5 (6.8)
22
V NO fH' 6 (5.7) 8 (8.3) 14 V NO ’H' 14 (15.8) 9 (7.2) 23
E E
P
11 16 27
P
31 14 45
X2 = 0.055 X2 = 1.405
Table 10.64
ALPHA RHYTHM FREQUENCY
•H' NO 'H'
m sd n m sd n t
CONTROL 9.8 1.3 9 9.8 0.7 18 0
MIGRAINE 9.8 0.9 32 10.0 1.2 10 0.42
Table 10.65
was 2 to 3 Hz the amplitude of the centre frequency was 
used. There was no significant difference of the alpha 
rhythm frequency between the 'H' and non 'H* subjects in 
the migraine and control groups, as Table 10,65 shows. 
There were no significant differences in dominant frequency 
of the alpha rhythm between migraine and control subjects,
10,8 CRITICAL FREQUENCY OF PHOTIC DRIVING (CFPD)
Critical frequency of photic driving (CFPD) was 
defined by Celesia and Daly, (1977) as the highest 
frequency at which photic stimulation can evoke a driving 
response at the same frequency (1st H) as the stimulus 
(section 4,2,4), The CFPD has been shown to be lower in 
patients with abnormalities of their visual system, e,g, 
multiple sclerosis (Celesia and Daly, 1977; Cohen et al, 
1980), The stimulus was presented monocularly by other 
workers but as time was a limiting factor in this study it 
was decided to use binocular stimulation.
The same flash tube, frequency controlled by the 
computer, recording and frequency analysing systems as used 
for the ,H* response study just described in section 10,7 
were used for this study.
Repetitive flashes were presented to the subjects and 
the stimulus rate was increased until there was no response 
at the same frequency as the stimulus (1st H) in the 
on-line frequency analysis of the Oz-Fz derivation. The 
stimulus rate was then reduced slowly until a response was 
detected. The stimulus frequency was again increased in 
steps of 1 Hz until no response could be detected. The 
highest frequency - the CFPD - at which a response was
evoked was noted. This procedure was performed with the 
subject's eyes open and repeated closed. Mean and standard 
deviation values of the CFPD were calculated for the 
different groups of subjects and compared using Student's 
't' test,
Eyes Open
When the subjects were stimulated with their eyes 
open the mean CFPD of the total migraine population was not 
significantly different from that of the control 
population, Table 10,66, No significant differences were 
shown when the subjects were divided according to sex. 
Comparisons for aging effects showed the young migraine 
group to have higher (8,5 Hz) mean CFPD values than the 
older migraine group (p < 0.05), No significant differences 
were shown in the control subjects.
Comparison of age matched groups showed no 
significant differences. However, when the migraine and 
control subjects were matched according to age and sex 
combined, the Young Female Migraine group showed a 
significantly (p < 0,05) higher (15 Hz) mean CFPD than the 
control group. No significant differences were shown in the 
other age and sex matched groups.
Analysis for aging effects in the control and 
migraine populations divided according to sex, showed 
significant (p < 0,01) differences in the female migraine 
population. The Young female migraine group showed higher 
(12 Hz) mean CFPD values than the Older female migraine 
group, as Table 10,66 shows. No significant differences 
were found in the female control group or in the male
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Eyes Closed
With the eyes closed the migraine groups showed a 
lower (7 Hz) mean CFPD than the controls, significant level 
p < 0,05 (Table 10,67), Both female and male populations 
showed with equal significance. The migraine subjects 
showed lower CFPD than the control subjects in all the 
subgroups, as shown in Table 19,2 but the differences did 
not reach statistically significant levels.
The effect of closing the eyes was to lower the CFPD 
by 17 Hz (p < 0,001) in the control population and by 28 Hz 
(p < 0,001) in the migraine population. Statistical 
examination of the differences of CFPD (eyes open compared 
with eyes closed) between the groups showed greater 
lowering of CFPD in the migraine - mean 28 Hz, sd 14 Hz, 
than control group - mean 17 Hz, sd 11 Hz - (p < 0,01), 
This was shown to be due entirely to the female population, 
'migraine1 - mean 27 Hz, sd 10 Hz, 'control' - mean 14 Hz, 
sd 10 Hz (p < 0,01), no significant differences being shown 
in the male population. No significant aging effects were 
shown for the responses elicited with the eyes closed.
Preamble
It should be noted that with the large number of t tests 
that have been done the significance level of 0.05 must occur 
by chance from time to time. These 0.05 significance levels 
have only been used when several of them have occurred in a 
grouping that would indicate a specific relationship.
CHAPTER 11
DISCUSSION
11,1 INTRODUCTION
It is appropriate to start with a reminder that only 
migraine subjects with classical migraine were 
investigated. The visual system was tested with various 
visual stimuli aimed at distinguishing response differences 
between the subjects with migraine and the normal controls,
Presynaptic eye function was examined by EOG measures 
in light and dark. The ERG during dark and light 
adaptation and to repetitive flashes was used to examine 
preganglion cell function. Cerebral visual function was 
examined by the potentials evoked by:-
(i) single flashes, in scotopic and photopic 
conditions (amplitude and latency measures of the response 
components)
(ii) repetitive flashes through open and closed eyes 
(spectral analysis)
(iii) repetitive flashes through open and closed eyes 
(critical frequency of photic driving)
(iv) repetitive flashes (4 to 80 f/s) through open 
eyes (amplitude/frequency and phase/frequency measures of 
the fundamental components of the reponse) and
(v) full and half field pattern reversal (amplitude 
and latency measures of the response components),
The results of group and sub group (age and sex) 
comparisons of the normal and migraine subjects will be 
discussed. Then the integrated function of the visual 
system based on this evidence is discussed with regard to
the objectives of the experiment:-
(i) to identify the site of physiological differences 
in migraine subjects
(ii) to determine whether the differences were due to 
ischaemic changes suffered during migraine attacks or 
constitutional factors,
11,2 THE EYE
11,2,1 Control Data,
The percentage light rise of the EOG for each eye 
shown by the control group is in agreement with that 
described by other workers. The normal lower limit used in 
different laboratories varies, 180% or the mean percentage 
light rise minus 2 standard deviations, being usual. None 
of the subjects in this study showed less than the mean 
minus 2 standard deviations of the control group data. The 
greater percentage light rise shown for the right eyes than 
the left was interesting but was not statistically 
significant (Table 10,7), However, since Papakostopoulos 
(1982) showed a similar asymmetry in a group of 14 control 
subjects recorded in the same laboratory, the experimental 
conditions were examined in detail. In particular
photometric measurements of the luminance showed that the 
two halves of the panel were matched to within 0,8% thereby 
finding no support for the asymmetry being due to uneven 
luminance. Few other studies show statistical comparison 
of left and right eyes.
The amplitude and latency measures of the 'a1 and ' b' 
waves of the ERGs of the control subjects evoked by single 
flashes in photopic and scotopic conditions showed similar
values to those described by other workers for example 
(Papakostopoulos, 1982), The 'b' wave evoked in scotopic 
conditions was about 3 times larger than in photopic 
conditions? a factor of 2:1 usually being accepted as the 
lower limit of normality.
The grand averages of the ERGs to repetitive flashes 
of 4 to 80 f/s (Fig,10,7, 10,8 and 10,9) show interesting 
wave shape and amplitude changes over the frequency range. 
These are generally in agreement with the responses of 
normal subjects reported by other workers when using 
flicker to test cone function (Ikeda and Friedman, 1972), 
The amplitude and phase analyses of the responses shown in 
section 10 are not discussed here because they are complex 
and show no significant differences between migraine and 
control groups,
11,2,2, Migraine Data
The greater percentage EOG light rise shown in the 
migraine population was significant only for the left eyes 
of the young subjects although the trend was seen in all
the subgroups.
The main, though not only, requirement for a normal 
EOG response is healthy pigment epithelium. Diseases that 
affect the EOG for example retinitis pigmentosa cause 
reduction, abolition or delay in the 'light rise'* A 
search of the literature of diseases of the eye causing 
changes of the EOG has not revealed any that show increase 
of the percentage ' light rise'.
This greater light rise shown by migraine subjects is
not exceptional and is within the normal range of
variation, indeed some of the normal subjects in this study 
showed greater changes, A unilateral effect is indeed 
difficult to explain and enhancement of the percentage 
'light rise' is opposite to the changes found in known 
diseases of the eye or those that affect eye function. It 
is possible to postulate hyperactivity of the 
photo-chemical and biochemical functions of the retina that 
might affect the light rise. However, it would be more 
appropriate to confirm the trends of this study on a larger 
group of subjects, before attempting to examine the 
possible causes of the indicated differences.
No significant differences of retinal function were 
indicated by the ERG measurements. The responses to single 
flashes during dark and light adaptation showed no evidence 
to suggest different scotopic or photopic behaviour of the 
eyes in migraine subjects. It has to be remembered however 
that the experimental proceedings were limited to testing 
basic function of the eye. Simple amplitude and latency 
measurements of the major components of the ERG, although 
commonly used, do not cover all its physiological 
functions.
In particular the stimulus parameters were not 
altered and no information about differences related to 
luminance, size of stimulus, spectral content or type of 
stimulus, e,g* pattern or contrast is available. However, 
the ERGs obtained under the different scotopic and photopic 
experimental conditions used in this study reflect 
different parts of the visual function of the eye and would 
be expected to show any substantial differences of scotopic 
and photopic function between the groups of subjects.
The ERG evoked by repetitive flashes was an
interesting experiment but it showed no significant 
differences of amplitude or phase characteristics between 
the migraine and control populations. The flicker 
responses, frequently used to examine photopic function, 
provided further support to the evidence of the light 
adaptation experiment that no differences of photopic 
function of the eye occurs in migraine subjects.
The only evidence of possible functional differences 
of the eye in classical migraine subjects therefore lies in 
the EOG measurements. Whilst this evidence is small (though 
statistically significant in young people) it is
unexpected, both by direction and asymmetry and is in need
of confirmation. On balance, from the foregoing data the 
eyes of classical migraine subjects show no evidence of 
post synaptic dysfunction and only marginal evidence of 
presynaptic dysfunction. None of the studies in the
literature which examine visual reponses in migraine 
subjects has simultaneously examined eye function. The 
question of whether the eyes contribute to the reported VEP 
differences still remains unanswered but this effect seems 
unlikely.
Finally since the eye differences are significant 
only in young people there is no support for the 
proposition that the VEP differences are a consequence of 
ischaemic changes of the eye relating to multiple migraine 
attacks,
11,3 BRAIN
11,3,1 Control Data
The standard deviations of the grand average FVEPS of 
the control group (Figs,10,10 and Table 10,11) reflect the 
well documented evidence of considerable variability of the 
FVEP between subjects. This has been the main reason for 
the growth of the pattern reversal stimulus in diagnostic 
neurophysiology. Some workers (Halliday and Mushin, 1980 
for example) recommend almost exclusive use of the PRVEP 
for this reason.
However, despite this variability there emerges a 
consistent pattern of the FVEP from group averaging and the 
components of the response described by Ciganek (1961), 
Kooi and Bagchi (1964b) and Harding (1974) can be 
identified. Other components reported by Gastaut et al 
(1966) which were basically modifications of the P2 
component in conditions which differentiated the photopic 
and scotopic visual systems - the P2a, b and c components - 
are not identifiable in the group averages (Fig,10,10), 
They are probably too small and may be of variable latency 
and thus be lost in the group averages. Nevertheless the 
responses recorded from each subject showed clearly defined 
major components although not all the subjects showed all 5 
components in each of the conditions. All subjects showed 
at least 3 of the major components and most subjects showed 
all 5 components.
Evidence that, whilst the stimulus intensity itself 
remains constant, changes of the background luminance cause 
considerable change of waveform of the FVEP, is 
demonstrated in the D2 and LI conditions in Fig,10,10, A
vast amount of attention has been given to the effects of 
changes of stimulus intensity upon the FVEP (see section 
4,2,8) but comparatively little to the effects of 
background intensity, although its interaction is well 
known (Gastaut et al, 1966), The importance of percentage 
change rather than absolute change of stimulus intensity is 
shown in Fig,10,10, The 't' test results shown in Table 
10,11 confirm the impressions of Figs,10,10 that 
significant changes of the P2 and N3 components occur with 
ambient lighting. The N3 data of the dark adapting 
conditions will not be considered here since its
reliability is open to question for the reasons already 
discussed (Appendix D), The P2 component evidence is in 
general agreement with the reports of Gastaut et al (1966) , 
describing its modification under conditions that
differentially affect the photopic and scotopic systems,
.There is a definite division of the components of the 
averaged FVEP? those that remain unaltered (Nl, Pi, N2) and 
those that are modified, mainly by altered latency, with 
changing conditions. The Nl, Pi and N2 components were 
called the primary components by Ciganek (1961) because of 
their reproducibility, and from the indication that they 
were specific to areas 17 and Ciganek referred to them as 
the specific responses. This concept has been supported by 
others (Donchin, 1969? Vaughan, 1969? Jeffreys, 1971) 
although Jonkman (1967) argues a case on the same grounds 
for inclusion of the P2 (wave IV by Ciganek's nomenclature) 
as a primary component.
The later P2 and N3 components, shown to alter mainly 
by variations of latency with different stimulation
conditions in this study, are those described by Ciganek as 
the secondary responses which show considerable 
intra-subject variations. This point is also confirmed by 
the increased standard deviation of these components, 
particularly in the Dl and D2 conditions (Figs,10,10),
Age effects on the flash VEP in the control 
population was confined to delays of the P2 component and 
was similar to that shown by Dustman and Beck (1969) , 5 to 
7 msec, but it was only significant during the early stages 
of light adaptation (Table 10,28), The concensus of 
literature opinion is that whilst the VEP shows delays with 
age there is little significant change over the age range 
used for this study although select age groups within the 
range may show significant delays (section 4,2,2),
The importance of eye movement recordings is seen in 
this study. The artefacts discussed in Appendix D throw 
doubt on the N3 data collected in the Dl and D2 conditions 
even though there may well be N3 component differences.
The intricacy of the spatial distribution of the 
component parts of the ARVEP is shown by the grand averages 
of the responses of the control group (Fig,10,15), Further 
complexity is added by the sensitivity to change of 
stimulus frequency (Fig,10,17), This presented problems of 
suitable analytical procedures for comparison of the 
groups. The decision to consider only the fundamental 
component of the response (the same frequency as the 
stimulus) made analysis of the data more manageable and the 
amplitude frequency (A/F) plots constructed from the data 
of the total control population (Fig,10,22) demonstrated 
sub-divisions of the frequency range based on amplitude
measurement. The profiles of the A/F plots of the pre and 
post central distribution (Fz, Cz and Pz) and posterior 
distribution (Oz) indicated the four frequency regions 
described in section 10,5; LF (below about 10 Hz), MF 
(approximately 11-20 Hz), IF (approximately 20-40 Hz) and 
HF (approximately 40-60 Hz), Their subdivisions were also 
seen in the phase analyses shown in the phase frequency 
(P/F) plots of the controls (Fig,10,29 and 10,30) which had 
different characteristics corresponding to each of the four 
frequency ranges.
These findings are in general agreement with the 
amplitude and phase evidence of steady state responses 
presented by other experimenters on which the theory of 
multiple subsystems of the human visual system, originally 
proposed by Spekreizse (1966) and since strengthened by the 
work of other investigators (Regan, 1968? Nyrke and Lang, 
1982) have been based. Sine wave modulated light was used 
as the stimulus in previous studies arguments for its use 
in preference to flashes being presented by Van der Tweel 
and Verduyn Lunel (1965), However, the convenience of the 
flash stroboscope has contributed to the fact that some 
twenty years following the valid criticism that the 
complexity of the transient stimuli it presents may give 
rise to less stable and less "pure" responses than sine 
wave modulated light, it is still, by far, the most popular 
form of contrast stimulation used for neurophysiological 
investigations. It is of some interest then from both the 
experimental and clinical viewpoint that the subsystems, 
recognised and established on the evidence provided by sine 
wave modulated light, can be identified from the responses
to repetitive flashes, as shown in this study.
The short latency high frequency and the long latency 
low frequency subsystems described by Spekreizse above and 
below 20 Hz respectively correspond with the IF and LF 
regions in Figs,10,29 and 10,30, The differences of 
"apparent latency" values shown between this and the 
original work of Spekreizse is almost certainly due to the 
differences of recording techniques, bipolar by Spekreizse 
and referential in this study.
The apparent latency of the LF subsystem has been 
shown to vary (120 to 200 msec) according to different 
studies (Regan, 1972), In this study it was shown to 
depend upon the location of the recording site (126 msec at 
Oz and 215 msec at Cz), There is some previous evidence 
(Spekreizse, 1966) to suggest that the low frequency 
subsystem has a different cortical location than the high 
frequency subsystem. The evidence in the latter study was 
obtained from recordings referred to the ear. However, 
most investigators have used bipolar recordings from 
occipital to parietal or central locations which is 
restrictive as far as topography is concerned, the 
evidence from this study indicates that the subsystems, 
each with different apparent latencies, can be identified 
at Oz and Cz, The evidence also shows that the apparent 
latencies of the LF and HF subsystems are location 
dependent. Bipolar recordings will tend to summate two or 
more systems and produce confounding evidence.
According to Regan (1972) the characteristics of the 
medium frequency subsystem (12 to 25 Hz) are not so well 
established and no apparent latencies are quoted in the
literature. From the spatial distribution evidence of this 
study two spatially different frequency regions are
described. The MF and IF (Figs,10,29 and 10,30) which 
overlap in the 12 to 25 Hz frequency range described by 
Regan. The combined amplitude, phase and spatial evidence 
of this study suggests that the notion of subsystems of the 
visual system is more complex than previously suggested and 
that at least four frequency defined subsystems can be 
identified with their apparent latencies dependant upon 
spatial location.
The stereotype of the pattern reversal VEP in normal 
subjects, described by many workers, is clearly
demonstrated by the superimposed averages shown in 
Figs,10,36 to 10,38 and by the very close similarity of the 
group averages with the data bank ones shown in Fig,10,35, 
The consistancy of response is important since it provides 
credence to the small but significant differences that are 
shown between the groups of subjects. The normal latency 
differences of the P100 between the sexes, described by 
Stockard et al (1979) and Halliday et al (1982) were
reflected in the data presented in Tables 10,44, 10,45, 
10.50 and 10.51, The differences shown in this study were 
more in keeping with those shown by Halliday et al, 3,5 to 
3,9 msec longer in males. This was expected as the 
stimulation system used was a projector type similar to 
that used by Halliday, The females also showed larger P100 
amplitude than the males in agreement with the findings of 
Halliday et al (1982) and other workers.
Only 11% of the control population repetitive flash 
VEPs showed 'H' responses in the eyes closed conditions
compared with 14% in the original study. There were a 
number of factors that were different between the studies 
that could account for the different results shown. The 
most significant technical difference was the replacement 
of analogue techniques with digital ones to perform 
frequency analysis and the ballistic galvanometer with a 
high frequency response jet galvanometer to draw the 
histograms. One would not expect frequency histograms of 
the same data derived by the two different methods to be 
identical. The duration of the stimulation epoch, during 
which the flash repetition frequency was held constant, was 
10 secs in the previous studies and 8 secs in this. This 
difference cannot be without significance since such 
psycho-physiological effects as "differentiation",
described by Walter (1964), occur with novel changes, e,g, 
change of frequency of the stimulus. These effects are 
seen as emphasis of the first few responses following the 
change in stimulus parameters, as if identifying it with 
Capital Initials, Such emphasis, occurring for about 1 
second following a change of stimulus frequency would have 
a greater contribution to shorter epochs of data than 
longer ones.
The critical freqency of photic driving shown by the 
control group with eyes open (60 Hz) was about 10 Hz lower 
than that shown in the study of Celesia and Daly (1977a), 
However, all the experiments in the literature have used 
averaging to identify the CFPD and are not directly 
comparable with the CFPD obtained by frequency analysis in 
this study. It is interesting that the significant ageing 
effect - 4 Hz lower for subjects between 30 and 60 years
compared with those between 20 and 30 years - shown by
Celesia was not reflected by the control population in this
study; it is doubtful whether differences of technique
would account for this,
11,3.2 Migraine Data
Time locked responses 
The most significant differences of the FVEP between 
the age matched control and migraine groups was the shorter 
latency of the N3 component of the young migraine subjects. 
This was seen in the photopic conditions and was generally 
more significant after a long period of light adaptation; 
differences of 7,6 to 9,4 msec were recorded depending on 
the electrode site. This shorter latency did not occur 
throughout the age range, the older group showed longer N3 
latencies than the controls. This contributed to a
significant 'aging' effect, shown only by the migraine 
subjects, which was more significant when they were fully 
adapted to photopic conditions. This was significant for 
the P2 and N3 components (Table 10,28),
It is possible that the greater latency change with 
aging shown by the migraine subjects was due to differences 
of mean age of the subjects in the groups. If so the 
differences indicated that (i) the young migraine subjects 
were younger than the young control subjects (by virtue of 
the shorter latencies shown in the migraine groups) and
(ii) the age span of the migraine groups, i.e. mean age of
the older group minus mean age of the young group, was 
greater than for the control groups. This was not so, the 
mean age of the young migraine group being the greater
(26.3 years compared to 23.8 years) and the mean age span 
of the migraine subjects being less (17.5 years compared to 
18.8 years). There is insufficient evidence from this 
study to indicate the nature of the cause of the changes of 
the N3 latency in the age ranges studied (Table 10.28). 
Natural processes of correction of the physiological 
dysfunction reflected by it in the young may occur with 
some degree of over compensation. On the other hand aging 
processes may be causing greater increase of the latency of 
the N3 in migraine than control subjects, apparently 
restoring them to the normal range before the mean age of 
the older migraine group (43.8 years) is reached. One 
would expect an 'aging' process to continue and it would be 
interesting to discover whether it does so at the same 
rate, beyond the age range studied here. If confirmed it 
would be evidence to indicate an ongoing pathological 
process in classical migraine.
It was demonstrated in Chapter 7 that bipolar 
derivations between occipital and central regions, such as 
those used in this section, sum central positive going and 
occipital negative components at about the N3 latency 
(Fig.7.12), It would be important to establish which of 
the components, the central positive or the occipital 
negative of the N3, change with aging since the precentral 
responses reflect different physiological function than the 
occipital ones. Evidence that the central responses are 
generated by conduction through pathways not involving the 
geniculostriate system arises from patients in whom damage 
to the occipital region, resulting in cortical blindness 
and loss of the occipital FVEP, may continue to have a
central FVEP, Furthermore, in monkeys, unilateral striate 
abalation or optic tract section produces no change in the 
response evoked from the precentral cortex, whereas damage 
to the basal ganglia alters it on the lesioned side 
(Vaughan and Cross, 1969) suggesting the presence of 
alternative pathways to the central region. Confirmation 
that the occipital N3 component only was altered in 
migraine would locate the functional differences to the 
geniculostriate system.
The findings of Richey et al (1966) of longer Nl, PI 
and N2 latencies in their migraine group was not confirmed 
by this study. This may be due to a combination of a 
number of experimental differences between the
investigations. Their study was not restricted to
classical migraine, the subjects were not analysed
according to age and the reference site was different.
Lehtonen (1974) also did not confirm the findings of 
Richey et al, in a comprehensive study of a mixed group of 
common and classic migraine subjects. He showed no
significant differences of latency when the subjects were 
stimulated with their eyes open but inspection of his 
results shows shorter mean latency of the N3 component of 
the migraine subjects (mean age 31.8 years) than the 
control ones, (mean age 30.0 years). Since the mean ages 
of his groups are notably closer to those of the young 
population group than the older one in the present study, 
the N3 latency findings' of the two studies are in 
agreement. The greater amplitude of the N2 component with 
aging shown by the control subjects, reached significant 
levels at all the recording locations in the migraine group
(Table 10,29). However, comparison between the migraine 
and control subjects, in their respective age groups, 
showed no significant differences. Lehtonen (1974) found 
significantly greater (p < 0,05) PI component amplitudes at 
electrode 01 in migraine subjects than control subjects 
however, peak to peak measures were used in his study and 
this may be relevant.
Comparisons with the work of Connolly et al (1982) 
between migraine and control subjects has not been made 
because there are a number of major differences between the 
experimental methods. Parameters of the flashes and 
montages are two notable ones. No other comprehensive 
study of FVEP in migraine was found in the literature.
The averaged repetitive flash VEP evidence shown in 
Figs.10.27 and 10.28 at Oz shows that selective disturbance 
of the MF range occurs in the female migraine population. 
The striking differences of mean amplitude in the MF 
region, shown by the young female population, is not 
statistically significant due to the dispersion of the 
amplitude values in the migraine group (Table 10.34). The 
older female population on the other hand showed less 
scatter of amplitude measures and the differences shown in 
Fig.10,28 were confirmed statistically (Table 10.35). The 
'inversion' effect shown in this data between the young and 
older female populations defies explanation at this stage 
but it is notable that like FVEP differences are only shown 
in the occipital responses.
Differences in the MF range responses to sine wave 
modulated light in migraine subjects have been reported, 
since this study was started, by Nyrke and Lang (1982),
They showed exaggeration of the responses in the MF range 
but not those in the LF range. Their subjects were not sex 
or age matched and the migraine group was heavily weighted 
(9:1) with females. It is interesting that their subjects 
all suffered common migraine, suggesting that the 
differences shown in female classical migraine subjects in 
this study are probably relevant to common migraine. 
However, without information about the age distribution of 
the subjects the 'inversion' effect cannot be assumed to 
apply.
There was no evidence from the measurements of phase 
angle of the 1st H component of the ARFVEP of significant 
differences of apparent latency of the subsystems 
(discussed in section 11.3.1) in classic migraine 
sufferers. Even where significant amplitude differences 
occurred, as in the MF region of the female migraine 
population, no significant phase changes were found.
The ARFVEP evidence therefore indicates a difference 
of visual function in female classic migraine sufferers. It 
is selective in that it occurs over a specified frequency 
(MF) range and has an occipital distribution. Other (LF,IF 
and HF) subsystems are not significantly different from the 
norm. It is interesting, particularly with regard to other 
findings in this study, that it was shown in the female 
population only and age was a significant factor. The 
processes that relate to the significant differences in 
young females appear to reverse or is over compensated in 
older women.
It should be remembered that a limitation of this 
study, brought about by the need to subgroup the subjects
to analyse specific effects, is the small number of
subjects in some of the subgroups. This is particularly 
notable in the male population subgroups and may account 
for the failure to show significant differences like those 
for the females.
Analysis of the total populations of the migraine and 
control subjects showed consistently significant prolonged 
latency of components of the pattern reversal VEP in the 
full field and half field stimulation conditions in
migraine subjects and division of the subjects according to 
sex was most revealing. The evidence showed quite 
conclusively that the prolonged latencies in the migraine 
groups were due entirely to the female population. All the 
latency differences shown for the total populations 
occurred, generally with greater difference and greater 
significance, in the female population. In contrast none 
was shown for the P100 and N140 components in the male 
population. This total distinction between the sexes in 
migraine has not been described previously. It is an 
interesting finding in relation to the study of Kennard et 
al (1978) in which significant latency delays of the P100 
were found in a mixed population. Their groups were not
analysed according to sex and the significant findings for 
the mixed population was probably due to the groups being 
heavily weighted (about 5:1) with female subjects.
There is recent evidence (Halliday, 1981) that
significant delays of the P100 component occur in older 
females in the normal population. The evidence shown in 
Table 10,56, that the P100 latency delays in migraine women 
are more prominent in the young population than the older
one is of importance, since it substantially differentiates 
the two effects. The cause of differences of the PRVEP in 
female and not male migraine sufferers is a new area for 
further experimentation. However, good experimental 
technical and procedural standards and tight normal control 
studies, divided according to sex, will be essential in 
order reliably to differentiate responses of little more 
than 1 standard deviation difference. It will be important 
to consider the type of stimulating system, i.e. pattern 
shift or pattern alternation, since the small difference of 
latency of the PRVEP between females and males can be 
differentiated more clearly with a projector system than a 
TV one (Halliday et al, 1982),
The components that showed the greatest and most 
significant delays in the migraine groups in this study 
were the ipsilateral P100 and N140. The delay of the P100, 
averaging about 5 msec, was of the same order when evoked 
by half field stimulation as it was to full field 
stimulation, but it showed greater statistical significance 
levels. The work of Blumhardt et al (1978), in which the 
ipsilateral P100 was demonstrated to be arising 
predominantly from the central area of the visual half 
field which subtends 8 degrees or less at the eye, is 
relevant to the present findings. The inference is that 
the most significant differences shown in migraine subjects 
are related to the part of the visual system representing 
vision in the foveal area. However, they are not entirely 
confined to the central area since the contralateral P70 
shows highly significant delays of 5 and 5,5 msec but only 
to nasal half field stimulation.
This is interesting and difficult to explain since
the P70 is the first component of the parafoveal PNP
complex (Blumhardt et al, 1978) and its later N90 and P135 
components show no significant differences from the norm. 
The electrode sites 5 cm either side of Oz are best suited
for examining the transition of the para and extra foveal
responses. With hindsight it might have been more useful 
to have used electrodes 10 cm either side of Oz for this
t
data to discriminate more clearly the para and extra foveal 
responses.
The absence of consistent significant evidence of 
amplitude differences of the components of the PRVEP 
between the migraine and control subjects is in general 
agreement with the findings of Kennard et al (1978) who 
found no striking amplitude differences in migraine, except 
in subjects with particular distribution of headaches.
Examination of the "significant" data shown by the 
female migraine group for evidence of differences of the 
P100 which correlated with the distribution of their 
headaches, showed none. This finding conflicts with the 
results of Kennard et al (1978) , which showed significantly 
greater amplitude of the P100 in subjects with left sided 
headaches than in other groups. The different method of 
amplitude measurement used in this study, i.e. from a zero 
baseline at the time of stimulus presentation, to the peak, 
instead of peak to peak, might have some bearing on the 
failure to confirm the findings of Kennard and colleagues. 
However, half field stimulation presented to each eye 
separately in this study was a more appropriate set of 
stimulus conditions for examining laterality effects than
the full field stimulation used by Kennard et al. Half 
field stimulation would be expected to elicit any
asymmetries that might correlate with headache laterality 
but none were shown.
Intrinsic activity and time locked responses
The discussion so far has been concerned only with 
time locked responses that examine specific receptors and 
transmission subsystems of vision. The process of
averaging used in each of these experiments excludes the 
intrinsic activity of the cortex. However, the very first 
study in 1959 that suggested differences of visual function 
in migraine subjects did not use averaging techniques but 
was done by frequency analysis. The RFVEP and CFPD 
sections of this study show the data obtained without 
excluding the intrinsic cerebral activity. They are also 
the only two sections in which the stimuli were presented 
in eyes open and eyes closed conditions, done with the
object of linking the eyes closed data of the early 'H'
response work with eyes open data from the other 
experiments in this study.
The original findings of Golla and Winter (1959), are 
re-affirmed by the data presented in Table 10.62, The 
distinction between migraine and control subjects by means 
of the 'H' response shown in this study, although highly 
significant, is not as distinctive as in the original study 
or that of Smyth and Winter (1964). In the latter, 95% of 
migraine subjects and 14% of normal control subjects showed 
the response against 75% of migraine and 11% of control 
subjects in this study.
The criteria used for selection of subjects for the 
previous studies made no distinction between common and 
classic migraine whilst in this study only subjects with 
classic migraine were used. Whilst there is no conclusive 
evidence that the patho-physiology is different in the two 
types it may be argued that, because of the high incidence 
of visual involvement in classic migraine attacks, the 
physiological changes may be different to those of common 
migraine. There is support from cerebral blood flow 
studies (Olesen et al, 1982; Lauritzen et al, 1983) in 
which striking oligemia observed in classic migraine does 
not occur in the patients with common migraine studied in 
a similar manner. These and other factors (section 11.3.1) 
account for some of the differences shown between the early 
and recent studies conducted in this laboratory.
Comparisons with experiments made in other 
laboratories are more difficult due to the variations in 
procedure and methods of analysis and it is doubtful to 
what extent these comparisons are useful and meaningful. 
The only reference in the literature to use of a Low 
Frequency Wave Analyser to analyse RFVEPs in migraine 
subjects is that of Slatter (1968), He showed that the 
response range to photic stimulation extended higher than 
20 Hz in 150 of 174 (86%) of the migraine patients
examined. However, direct comparison with this study is 
not totally appropriate since there is no evidence to 
indicate that the 'H' response criteria was used and the 
flash was orange-red not the blue-white of Xenon filled 
flash tubes used in this and most other studies. Frequency 
analysis of RFVEPs recorded from migraine subjects have
been made in many ways by different workers, from visual 
inspection (Connibori and Rovetta, 1969) to power spectra 
analysis using FFT (Simon et al 1982), and comparison 
between them is difficult and hardly justified here.
The statistical evidence in Table 10.62 shows that 
the best method of distinguishing migraine from control 
subjects, using the RFVEP, is by stimulating through closed 
eyes and recording from bipolar derivations. Other workers 
have shown that higher amplitude responses and responses to 
higher frequency stimulation may be evoked when the eyes 
are open than when they are closed (in some subjects). The 
evidence in this and the previous studies agree with this 
observation but there is no evidence in the literature 
confirming, by statistical examination, that migraine 
sufferers can be identified by the maximum frequency to 
which they respond or by the amplitude of their responses. 
The 'H' response does more than determine the highest 
frequency of photic following, it defines the 
characteristics of the frequency response curve by which 
migraine prone subjects can be identified.
The 'H' response and CFPD measures showed that 
closing the eyes increased the differences that were 
demonstrated between the groups when the eyes were open, 
enhancing the *H' response and evoking significant CFPD 
differences in the migraine population. Two fundamental 
changes occur when the eyes are closed (a) light intensity 
reaching the retina is reduced and (b) its spectral 
composition is changed by the filter effect of the eyelids. 
Concerning the first point, both the stimulus and ambient 
intensities are reduced thereby altering the saturation
level of the retinal receptors. It is known that these 
changes independently and interactively alter the VEP 
(Clynes et al, 1967? Regan, 1972).
It would be interesting on the strength of the 
differences shown to examine the spectral sensitivity
curves of the foveal cones of migraine subjects. The work 
of Wald (1964) has shown that the amount of at least one of 
the cone pigments can vary over a three fold range from one 
subject to another. Such variations in amount of pigment
results in changes of character of the spectral sensitivity 
curves and can be expected to have an effect upon the VEP. 
However, if this were particular to migraine prone subjects 
one might expect to find a higher incidence of colour
blindness in migraine sufferers, which has not, as far as 
can be ascertained, been reported in the literature.
Comparison of RFVEP data obtained by 
different techniqes
Statements in the literature that compare data that 
has been derived by means of averaging processes with that 
obtained by Fourier analysis of non-averaged activity are 
confusing. Peak to peak measurements of the averaged 
responses at the fundamental (1st H) frequency of the 
stimulus have been used as amplitude measures of the 1st H 
component with disregard to its waveform, which on
inspection may clearly indicate a strong higher order
harmonic composition. The peak to peak measurements 
consequently might have little significance since they will 
vary with changes of amplitude or phase of the harmonics 
whilst the value of the 1st H component remains constant.
Provided that the averaging period is long enough to 
contain a number of consecutive responses, e.g. the 
responses to 8 flashes, frequency analysis of the averaged 
responses will provide amplitude measurements of the 
appropriate harmonics (Hi to Hn). This procedure is valid 
in so far that a true value of amplitude of each of the 
harmonic components, free from interaction with the others, 
is obtained and can be compared with the values of the 
appropriate components obtained from direct frequency 
analysis of the on-going, non-averaged responses. The two 
methods will not be measuring the same activity however, 
since the intrinsic activity will have been removed by the 
averaging process in one method and frequency analysed 
together with the evoked responses in the other.
In addition to this fundamental difference between 
the techniques there is another important procedural 
difference. The averaging procedure requires a constant 
number of stimuli to be presented, e.g. 50 samples of 8 
(400) flashes, for each frequency used. Spectral analysis 
of on-going activity requires just 1 epoch e.g. 8 secs of 
stimulation. Theoretically, at low stimulation rates, e.g. 
4 f/s, averaging requires a minimum duration of 100 secs of 
stimulation, whilst spectral analysis requires only 8 secs 
duration. The respective stimulation periods are not only 
different but their relationships to each other change with 
frequency of the stimulus. Clearly, habituation and 
possibly fatigue effects may occur and may apply 
selectively, depending on the frequency of the stimulus, to 
the data obtained by averaging techniques.
Since both these techniques were used on the same
subjects for the purpose of this thesis it was interesting 
to test both sets of data with the 'H' response criteria 
and compare the results. They are described in section 
10.7 and are presented in Table 10.64, The probability 
relationship shown by the chi-squared values indicates that 
the two techniques are not measuring the same phenomenon 
and the' 'H' response criteria applied to averaged data does 
not discriminate migraine from non migraine subjects.
There is no study in the literature in which averaged 
and non averaged RFVEP data recorded from the same subjects 
have been compared and the above conclusion demonstrates 
two points;
(i) the caution required when making comparisons from the 
literature
(ii) the contribution the intrinsic activity is making to 
the significance of the 'H' test.
A possible explanation of the latter point is that 
spontaneous activity, above the alpha rhythm frequency, is 
augmented by flicker without being phase locked to the 
flashes. Fourier analysis includes both these activities. 
It might be postulated that discrete regions, in the 
posterior areas, each with narrow but different frequency 
pass bands centred about a preferred or 1 resonant' 
frequency are excited by flicker within the band pass 
range. This could provide a functional explanation for the 
'H' response as measured by spectral analysis. Such 
functional behaviour may not be identified by analysis of 
either the spontaneous activity or time locked responses 
alone but only by their interaction.
11,4 Conclusions
Each of the experiments testing cerebral visual 
function showed differences between the classic migraine
group and the 'controls'. At the same time there was no
evidence, apart from slightly increased percentage light
rise in the left eyes of young migraine subjects, of
significant differences of eye function between the groups. 
The combined evidence of eye and brain function showed that 
differences of visual behaviour in migraine subjects
occurred at the retinal ganglion cells or later in the
transmission system to the visual cortex. Furthermore the 
evidence showed that there was not a generalised effect on
the whole of the visual system.
The concept that the principal visual pathways which 
connect the retina to the cortex via the lateral geniculate 
nucleus may be regarded as a group of parallel connections, 
each connecting neurons that have distinctive physiological 
properties, provides a foundation on which the results of 
this study may be built. The notion which has gained 
strength over the past twenty years is further supported by 
the control group data of this study.
The primary responses of the FVEP show no significant 
differences in migraine subjects which suggests that 
transmission as far as area 17 via the subsystem involved 
with low frequency flashes, is normal. The normal 
behaviour of the LF range RFVEP responses also supports 
this conclusion. The significantly shorter secondary 
responses of the FVEP in young migraine people suggest that 
functional differences occur late in the visual system.
Support for this may also be gained from the RFVEP data 
('H • response and CFPD), taken to reflect interaction of 
time locked signals with discrete pseudo-resonant cortical 
systems and requiring involvement of pathways connecting 
primary with other cortical visual areas. The only 
evidence showing significant deviation from the norm of the 
time locked responses evoked by repetitive flicker in the 
migraine group, was related to the MF subsystem. The 
spatial distribution of the responses assumed to reflect 
the function of this subsystem is predominantly occipital 
and whilst the more widely distributed central IF and HF 
subsystem data are 'normal' a possible inference is again 
that the anomaly occurs late, probably cortically, in the 
system. It is reinvent that on the evidence of equivilent 
dipole studies Reits (1975) suggested that the components 
of this subsystem originates in the secondary visual cortex 
(areas 18 and 19) .
The significant delays shown by the pattern reversal 
data probably reflect quite different dysfunction to that 
indicated by the stimulus evidence. The PRVEP
shows greater latency of the responses, even in the young 
migraine subjects, unlike the differences shown to 
stimuli. Delays may occur early or late in the cerebral 
visual system, as shown by compressive lesion evidence 
(Halliday et al, 1976), or progressively along the visual 
pathways as in demyelinating processes. Since in this 
study full and half field PRVEPs were delayed it is likely 
that processes that cause generalised slowing of conduction 
velocity rather than localised structural change are 
responsible.
There is considerable evidence to indicate that
cerebral ischaemia occurs during migraine attacks (Mathew 
et al, 1976; Skinhoj, 1973 ; Welch et al, 1975, 1976) and
in classic migraine with visual disturbance it clearly 
involves the visual pathways and cortex.
It has been shown by Yates (1976) that repeated 
episodes of cerebral ischaemia and oedema can cause 
demyelination and degenerative changes of the type that
occur in aging (Wisniewski and Terry, 1976; Strehler,1976). 
The obvious link between such changes and delays of the
PRVEP was noted by Kennard et al (1978) as a possible cause 
of the prolonged latencies of the PRVEP shown in their 
study. Assuming this to be the case, subjects with long 
history and those who had suffered a large number of 
attacks should show greater latency than subjects with 
relatively short history and those who had experienced few
attacks. There was no evidence in this study of 
correlation of length of history (Table 10,57) or number 
of attacks (Table 10.58) with delays of the PRVEP, thus
indicating no evidence of progressive structural changes
with repeated attacks.
The data indicates that specific subsystems of
organised cells and pathways are affected in migraine. Such 
is the complexity of the anatomy of the visual system that 
the specificity described is more likely to be determined 
by physiological chemistry particular to transmission of 
visual signals in these systems than their anatomy. An 
attractive hypothesis is that of a constitutional
disturbance of cerebral neurotransmitter systems. It is 
known that the dopaminergic system plays an important role
in regions of the visual system, notably the lateral 
geniculate body and the retina. The PRVEP in Parkinson 
patients have been shown to be significantly delayed 
(Bodis-Wollner and Yahr, 1978; Gawel et al, 1981). Delays 
of the PRVEP on grounds of physiological dysfunction 
provides a more flexible platform, than structural change, 
from which experiments designed to answer why significant 
differences are confined to the female population and why 
those shown in the young are compensated for in later life. 
Investigation as to whether there is any evidence for 
specificity of synaptic physiology, in different subsystems 
of the visual system, would appear to be an important area 
to examine.
The significant differences of the VEP have been 
shown, in this study, to be equally as prominent in young 
as in older migraine people and more so to some stimuli 
(FVEP). This evidence, combined with that related to 
frequency of attacks and length of history, indicates that 
the VEP abnormalities shown in classical migraine are 
related to constitutional predisposition and not to 
structural or physiological disturbance acquired from
ischaemia or other changes suffered by repeated migraine 
attacks.
From the foregoing evidence there is not one site at 
which differences between migraine and control subjects 
occur. Relating the evidence with the visual subsystem 
concept permits two conclusions to be made. At least two 
subsystems are affected, firstly that concerned with
pattern change. It is affected in such a manner that
cerebral transmission of visual signals is delayed on a
physiological rather than an anatomical basis and it 
suggests disturbance of synaptic transmission possibly 
related to specific neurotransmitters. Secondly, the MF 
subsystem concerned with Juminffnce stimuli. The evidence 
suggests that differences probably occur late in the 
geniculostriate part of this subsystem. Interaction with 
discrete cortical cell groups is inferred and is supported 
by the single flash data. The dysfunction of the system 
concerned with contrast stimuli contributes to the 'H' 
response, which remains the best single physiological 
indicator for distinguishing migraine from control 
subjects.
APPENDIX
S p e c la  (  R eporte t
Classification 
of Headache
The A d  Hoc Committee on 
Classification o f Headache
In tro d u c tio n
The term headache commonly denotes 
head pain from brow level up. 'I'his outline 
defines headaches somewhat broadly: It 
covers lw)th painful and nonpainful d is­
comforts of the entire head, including the 
face and upper nucha. Since so much that 
a man describes as headache may be any 
abnormal head sensation, it is essential for 
proper treatm ent to determ ine whether the 
complaint is actually one of pain. A useful 
scheme for the classification of the varieties 
of headache is one based on pain mecha­
nisms. The divisions rest on experim ental 
and clinical data, together with reasonable 
inference; the story is far from  complete. 
Yet the arrangem ent can serve as a fram e­
work for diagnostic criteria for the m ajor 
clinical types of headache, and by emphasis 
on basic mechanisms it offers a logical ap­
proach to the planning o f therapeutic trials. 
F o r convenience, short and simple names are 
suggested for certain m ajor entities and 
are indicated in l>oldface tyj>e.
Essential in the study o f headache in 
most instances is an appraisal o f its close 
link to the jmtient’s situation, activities, and 
attitudes. Sometimes in obvious ways, more 
often in subtle ones, headache may be the 
principal m anifestation of temj>orary or sus­
tained difficulties in life adjustm ent. These 
re la tionsh ip  are notably evident in Groups 
1 through V.
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C. "Cluster” headache
D.  “Hemiplegic" and 
"ophthalmoplegic” migraine
E. “Lower-half" headache
II. Musclc-contraction headache
III. Combined Headache: Vascular and tnus- 
cle-contraction
IV. Headache of nasal vasomotor reaction 
V. Headache of delusional, conversion, or
hyjjochondriacal states 
VI. Nonmigrainous vascular headaches 
VII. Traction headache 
V III. Headache due to overt cranial inflam­
mation
IX -X III. Headache due to disease o f ocular, aural, 
nasal and sinus, dental, or other cranial 
or neck structures 
X IV . Cranial ncuritides 
X V . Cranial neuralgias
C lassification
I. V ascu la r H ead ach es of th e  
M ig ra ine  T y p e .— R e c u rre n t a t ­
tacks of headache, widely varied 
in intensity, frequency and 
duration. T he attacks are  com­
monly unilateral in onset, are 
usually associated with anorexia 
and sometimes with nausea and 
vomiting; in some are preceded 
by, o r associated with, conspicu­
ous sensory, m otor, and mood 
disturbances; and often familial.
Evidence supports the view 
that cranial arterial distention 
and dilatation are  im portantly 
implicated in the pain phase, 
but cause no perm anent changes 
in the involved vessel. Listed 
below are particular varieties o f 
headache, each sharing some, but 
not necessarily all of the m en­
tioned features:
A . “Classic” M igraine: V as­
cular headache with sharply de­
fined, transient visual, and other 
sensory or m otor prodrom es or 
both.
B. “Common” M igraine: V as­
cular headache without striking 
prodromes and less often un i­
lateral than A  and C. Synonyms 
are “atypical m igraine” or “ sick 
headache.” Calling attention to 
certain relationships of this type 
of headache to environmental, 
occupational, menstrual or other 
variables are such term s' as 
“sum m er,” "M onday,” "week­
end,” “ relaxation,” "prem enstru­
al,” and "m enstrual” headache.
C. " Cluster” Headache: V as­
cular headache, predominantly 
unilateral on the same side, 
usually associated with flushing, 
sweating, rhinorrhea, and in­
creased lacrimation, brief in 
duration and usually occurring in 
closely-packed groups separated 
by long remissions. Identical or 
closely allied are erythroproso- 
palgia (B in g ); ciliary or mi­
grainous neuralgia (H a r r is ) ;  
erythrom elalgia of the head or 
histam inic cephalgia (H o rto n ) , 
and petrosal neuralgia (G ardner 
et a l.) .
D. “H emiplegic” M igraine and  
“Ophthalmoplegic” M igraine: 
Vascular headache featured by 
sensory and m otor phenomena 
which persist during  and a fte r 
the headache.
E. “L ow er-H alf” Headache: 
H eadache 6 f possible vascular 
mechanism centered prim arily in 
the lower face. In  this group 
there may be some instances of 
“atypical facial” neuralgia, sphe­
nopalatine ganglion neuralgia - 
(S lu d e r) , and vidian neuralgia 
(V a il) .
I I .  M u sc le -C o n trac tio n  H eadache.
—A che o r sensations o f tight­
ness, pressure, o r constriction, 
widely varied in intensity, 
frequency, and duration, some­
times long-lasting, and common­
ly suboccipital. I t  is associated 
with sustained contraction of 
skeletal muscles in the absence 
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of perm anent structural change, 
usually as part o f the individual’s 
reaction during life  stress. The 
ambiguous and unsatisfactory 
terms “ tension,” “psychogenic,” 
and “nervous” headache refer 
largely to this group.
I I I .  C om bined H e a d a c h e : V ascu la r 
and  M u s c l e - C o n t r a c t i o n .—
Combinations of vascular head­
ache of the m igraine type 
and muscle-contraction headache, 
prom inently coexisting in an a t­
tack.
IV . H ead ach e  of N asa l V aso m o to r 
R e a c t i o n .— H e a d a c h e s  and 
nasal discom fort (nasal obstruc­
tion, rhinorrhea, tightness, or 
burn ing ), recurrent and result­
ing from congestion and edema 
of nasal and paranasal mucous 
membranes, and not proven to 
be due to  allergens, infectious 
agents, o r local gross anatomic 
defects. T he headache is p re­
dominantly an terior in location, 
and mild o r  m oderate in in­
tensity. T he  illness is usually 
part o f the individual’s reaction 
during life stress. T his is often 
called “vasom otor rh in itis.”
V. H eadache  of D e lusiona l, C on­
version , o r H y p o ch o n d riaca l 
S ta tes .— H ead ach es of illnesses 
in which the prevailing clinical 
disorder is a  delusional o r con­
version reaction and a peripheral 
pain mechanism is nonexistent. 
Closely allied are  the hypochon­
driacal reactions in which the 
peripheral disturbances relevant 
to headache are  minimal. These 
also have been called “ psycho­
genic” headaches.
N .B .: T h e  fo reg o in g  rep resen t the 
m ajor clinical disorders domi­
nated by headache— those which 
are particularly common and in
which headache is frequently 
recurrent and disabling.
V I. N o n m i g r a i n o u s  V a s c u l a r  
H eadaches.— A ssocia ted  w ith  
generally nonrecurrent dilatation 
of cranial arteries.
A . Systemic infections, usually 
with fever.
D. Miscellaneous disorder, in­
cluding hypoxic states, carbon 
monoxide poisoning, effects of 
nitrites, nitrates, and other 
chemical .agents with vasodilator 
pro]>erties, caffeine-withdrawal 
reactions, circulatory insuffi­
ciency in the brain (in  certain 
circum stances), postconcussion 
reactions, postconvulsive states, 
“ hangover” reactions, foreign 
protein reactions, hypoglycemia, 
hypercapnia, acute pressor reac­
tions (abrupt elevation of blood 
pressure, as w ith paraplegia o r 
pheochromocytoma), and certain  
instances of essential arterial 
hypertension (e.g., those with 
early-m orning headache).
V I I . T ra c tio n  H e a d a c h e .—H e a d ­
aches resulting from  traction on 
intracranial structures, m ainly 
vascular, by masses.
A . P rim ary or metastatic tu ­
mors of meninges, vessels, o r 
brain.
B . Hem atom as (epidural, sub­
dural, o r parenchym al).
C. Abscesses (epidural, sub­
dural, o r parenchym al).
D. Postlum bar puncture head­
ache ( “ leakage” headache).
E. Pseudotum or cerebri and 
various causes of brain swelling.
V I I I .  H ead ach e  D u e  to  O v e rt C ra ­
n ia l In flam m atio n . —  H e a d ­
aches due to readily recognized 
inflammation of cranial struc­
tures— resulting from usually 
nonrecurrent inflammation, s te r­
ile o r infectious.
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A . Intracranial disorders— in­
fectious, chemical or allergic 
meningitis, subarachnoid hem or­
rhage, jjostpneumoencephalo- 
graphic reaction, arteritis, and 
phlebitis.
B. Kxtracranial disorders— 
arteritis and cellulitis.
1X -X  III .  H eadache D ue to  D isease  of 
O cu lar, A ura l, N asal, and  
S inus, D en ta l, o r O th e r C ra ­
n ial o r N eck S tru c tu re s : 
Spread  o f:
IX. Headaches due to spread of
effects of noxious stimulation 
of ocular structures (as by in­
creased intraocular pressure, 
excessive contraction of ocular 
muscles, traum a, new growth, o r 
inflam m ation).
X. Headaches due to spread of
effects of noxious stimulation of 
aural structure (as by traum a, 
new growth, or inflam m ation). 
X I. Headaches due to spread of
effects of noxious stimulation 
of nasal and sinus  structures (as 
by traum a, new growth, inflam­
mation, or allergens).
XI I .  Headaches due to spread of
effects of noxious stimulation 
of dental structures (as by
traum a, new growth, or inflam­
m ation).
XI I I .  Headaches due to spread of
pain from noxious stimulation
of other structures of the cran i­
um and neck (periosteum , joint, 
ligaments, muscles, or cervical 
roots).
X I V .  C r a n i a l  N eu ritid es .— C aused 
by trauma, new growth, o r in­
flammation.
X V . C ranial N eu ra lg ias .— T rig e m i­
nal (tic douloureux) and glos­
sopharyngeal. The pains arc 
lancinating ( “jabbing” ), usually 
in rapid succession for several 
minutes or longer, are limited 
to a portion or all of the domain 
of the affected nerve, and are 
often triggered by end-organ 
stimulation. Trigem inal neural­
gia must be distinguished in par­
ticular from “cluster headache” 
(T.C), with which it is often 
confused.
N .B .: So-called chron ic  p o s t- tra u ­
matic headache may arise from 
any one of several mechanisms. 
Such headache may represent 
sustained muscle contraction 
( I I ) ,  recurrent vascular dilata­
tion (!,/?)» or, rarely, local scalp 
or nuchal in ju ry  ( X I I I ) .  In 
some patients, the post-traum atic 
pain is part of a clinical disorder 
characterized by delusional, con­
version, o r hypochondriacal reac­
tions ( V) .
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APPENDIX B
CO N FID EN TIA L.
Headache Questionnaire
Number
Surnam e. . M r./M rs./M isa
Christian Names.. 
Address _______
Data of Birth..
W hat is (or w as) your main occupation ? Jo b __
Industry.
□
If you are a married w om an, w hat is (or w as) your husband 's main occupation ?
Jo b ______________________________
Industry__
1. Have you had a headache within the past year?
If  N O :—Have you ever had a headache in your life?
YES Please
NO tick
one
YES
NO
□
IF YOU HAVE HAD A HEADACHE OURING THE PAST YEAR. PLEASE ANSWER A U  THE QUESTIONS 
BELOW FOR YOUR HEAOACHES OURING THE PAST YEAR ONLY. WE 0 0  NOT WANT OcTAILS 
OF ANY HEAOACHES THAT HAPPENED MORE THAN ONE YEAR AGO. UNLESS SPECIALLY 
MENTIONED.
IF YOU HAVE N O T HAD A HEAOACHE DURING THE PAST YEAR, PLEASE TURN TO THE LAST PAGE,
2 . Are your headaches usually mild or severe : or d o  you g e t both mild and 
sovero headaches 7
Mild
Severe
Both
Please
tick
one □
If you get b o th  mild and severe headaches:—
Are they different kinds of headache, that is can  you clearly distinguish 
betw een them  7
YES
NO
IF YOU GET MILD OJR SEVERE HEADACHES. PLEASE CONTINUE WITH THE FOLLOWING QUESTIONS.
IF YOU GET BOTH SEVERE AND M*ILO HEADACHES. PLEASE ANSWER ALL THE QUESTIONS FOR 
YOUR SEV ERE HEAOACHES ONLY.
3. W hich one of these statem ents is nearest the truth for you ?
My headachos aro very mild. 
My headachos aro mild. 
My headaches are not usually severe. 
My headaches are quito severe. 
My hoadachcs are very severe. 
My headaches are terribly severe. 
My headaches are almost unbearable.
□
Please 
lick 
one
4. Which of these statem ents is nearest tho truth for y o u ?
I hardly notico my headaches at all.
My headaches rarely inconvenionce mo. Please
My hoadoches som etim es distract mo from w hat I am doing. tick
Somotimos I arp unable to continue my normal activities because of my headaches. one
My headaches somctimos intorfere a lot with w hat I am doing.
I can hordly do anything when I have a headache.
I am absolutely fit for nothing when I have a hoadache.'
□
5. How long do your headaches usually last ?
6. (a) W hen you havo a headache, do you usually have to :—
lie dow n ? 
rest ?
take things easy ?
If  y o u  d o —For how long is this usually ? ___________
(b) Have you missed work d u r in g  th e  p a s t  y e a r  because of a 
headache ?
If Y E S, for how  many days ?
-hr*.
YES
NO
P len a
tick
If applicable
Please
tick
one
□
□
□
7. Do you get a h eadache:—
about once a year? 
several times a year ? 
about once a month ? 
several times a month ?
about once a w eek ?
1 several times a w eek ?
(include all headaches, mild and severe).
Please
tick
one
□
8. Are your headaches throbbing or thum ping ?
never ? Please
somotimos ? tick
usually? one
always ?
□
9. Where do  you usually feel the headaches ?
tem ples 
forehead 
beck of head 
top of hoad 
all one side 
all over the head 
if elsew here, where..
Please
tick
one
□
on*.
10. Are your headaches o n ^ ide  only:-
never ? 
som etim es ? 
usually? 
always ?
11. B e fo re  you got a headache do you know that one 
is coming ?
YES
NO
Please
tick
one
Please
tick
one
□
□
I f  y o u  d o , please doscribe briefly w hat you notice
12. Whon ycu have a hoadacho do you notice any changes 
in your sight ?
If  Y E S , please doscribe briefly w hat you notice — ____
YES
NO
Ptaasa
tick
ona □
13. W hon you have a headache do  y o u :—
losa your appetite? 
foal dizzy? 
feol sleepy ? 
hear ringing in your ears ? 
find that light hurts your eyes ? 
notice tingling, or any strange feeling in any part of your body ?
Pieasa
tick
any
that
apply
□
14. W hen you have a headache do you :—
ever feel tick ? 
usually feel sick ? 
ever vomit ? 
usually vomit ? 
always vomit ?
15. Have you ever seen a doctor ab o Jt the headaches ?
If  Y E S , have you seen a doctor about the headaches during 
the past year ?
YES
NO
YES
NO
P/aasa
tick
any
that
appiy
Ptaasa
tick
ona
□
□
□
16. Over the years have your headaches becom e:—
more frequent ? 
less frequent ? 
or have you noticed no change ?
Ptaasa
tick
ona
□
17. Over the years have your headaches becom e:—
more painful ? 
less painful ? 
or have you noticed no  change ?
Ptaasa
tick
ona
□
AND NOW SOME QUESTIONS ABOUT YOUR GENERAL HEALTH
PIojb*  T ick  the C orrect A new er like  th is— Y E S '/  o r NO ' /
18. Do you suffer from indigestion? — — __ _ _ YES NO
19. Worayou ever subject to bilious attacks ? — — —  _ YES ’ NO
20. Aro you worried about your weight ? — — — — YES NO
21. Wero you evor subject to travel sickness ? _ — — — YES NO
22. Were you ever subject to frequont attacks of pain in your stomach ? _ YES NO
23. Docs every littlo thing get on your nerves and wear you out? _ YES NO
24. Aro you considered a nervous person ? _ — — — YES NO
25. Have you ever had skin trouble (eczema) ? _ — —  — YES NO
26. Do skin cuts take a long time to heal ? _ — — — YES NO
27. Have you ever worn glasses? — _ — — — YES NO
28. Aro you extromoly shy or sensitive ? — _ — — YES NO
29. Aro you considered a touchy porson ? — — — — YES NO
30. Do you suffer from frequent colds ? _ — —  — YES NO
31. Have you ever had sinus trouble ? — — — — — . YES NO
32. Aro you constantly keyed up and jittery ? — — — — YES NO
33. Oo you suffer from severe nervous exhaustion ? — — — YES NO
24. Havo you ever had a severe head injury? — — — — YES NO
If YES, were you unconscious ? _  — — — — YES NO
25. Havo you ever-had an epileptic fit? — — — YES NO
30. Do you wear yourself out worrying about your health ? —  — YES NO
37. Do you suffer from rheumatism ? — — —  — YES NO
39. Do you smoke ? _ _ _  — — —  — YES NO
If YES, roughly how many cigarettes a day ? 
of how many ozs. of tobacco a week ?
WE ARE MOST GRATEFUL TO YOU FOR HELPING IN THIS WORK
APPENDIX C
LUMINANCE CALIBRATION OF THE STROBOSCOPES
METHOD
A Spectra Pritchard spectro-radiometer was used as 
the main calibrator but because the light pulses were of 
only 40 microsecond duration with rise times of a few 
microsecond, a subsidiary detector was needed, A
Centronics OSDl-3 HSA silicon photodiode with an active 
area of 1 square millimetre was used and was calibrated 
using an intermediate light source.
Fig, C,1 shows the arrangement for measuring the
luminance of the diffuser at the front of the flash unit. 
Two aperture masks defined the field of view of detector D, 
The measurements were made in a darkened room from the 
oscilloscope trace. To calibrate D the flash tube and
reflector were removed leaving the diffusing screen. This
was illuminated with a projector fitted with a quartz 
halogen lamp. Adjustment of the projector gave a scope 
deflection approximating to the average of the pulse 
readings about 40,000 candelas per square metre (cd/m2).
The detector and photopic correction filters were 
removed to allow the spectro-radiometer to monitor the 
luminance of the diffuser directly. The viewing distance 
was changed from 0,3 m to 2,0 m to accommodate the closest 
focusing position of the spectro-radiometer. There was 
considerable variation of luminance over the diffuser as 
measured using a 2 inch diameter probe. Larger probes could 
not be used at this high luminance.
RESULTS
The variation of diffuser luminance is shown in Fig, 
C,2, The variation could be reduced by inserting a further 
diffuser or moving the projector further ,away and 
refocusing. Either way gave a reduced luminance level 
which would have placed more reliance on the linearity of 
the detector. The variation was not noticeably visible, 
neither was the variation when illuminated by the flash 
tube,
A mean value of 3,75 x 10,000 cd/m2 was obtained
using weighted areas which allowed the oscilloscope
deflections to be calibrated as 1,6 x 10,000 cd/2 per cm.
Fig, C,3 shows the oscilloscope traces for the frequencies
of 50, 20, 10 and 1 f/s with the calibration scales of time 
(microseconds) and luminance. From these results Table C,1 
was constructed showing average luminance per second, 
average luminance per pulse and peak luminance for each of 
the ten conditions measured.
Additional measurements were made in the clinical 
unit, externally driving the stroboscope at higher rates 
than the 50 f/s available on the standard unit, to provide 
values for extension of the graph shown in Fig, C,4 (broken 
line), Luminance measurements were also taken from the 
stroboscope used in the research laboratory (Fig, C,4),
aperture masks
photopic correction 
/ filter
diffusing
screen
detector on 
amplifier 
circuit 
board
power
supply
oscilloscope
Fig. C.1 Experimental arrangement
Luminance
400 weighted
mean level
300
200
100
3/41 /2 1
Distance from centre of diffuser 
Fig.C.2 Polar distribution of diffuser.
50 f / s
20 f / s
1 f / s
10 f / s
Luminance 
(nits x 104)
20 40 60
_j______1_______ >
1 . 6
3.2
4*8
6.4
8.0
Time ( jjS )
Common
scales
Fig. C.3 Flash profiles. (Numbers 1 to 4 represent the four brightness 
settings.
285
xf <r <f <f <f <f <f xf xf xf
(D o o o o CD o o o o o
O ^ T— T— —^ —^ *— T— T— T— —^ r-
C CO
CO 4-> X X X X X X X X X X
C -H
^  -H c cxi CO CXI CXJ o <r vo CO CXJ VO
CO T— <f in On xf CO m xf m ON
CD 3 • • • • • • • • • •
Q_ rH lA <r m r_ VO m VO xf CD xf
0
o
c x:
CO CO
C CO
•H rH xf <r m <r xf xf xf xf xf
E U- r-x o o o o o □ CD o O o
3 CO *— t— —^ T— —^ —^ —^ —^ —^ r—
H  (O 4-1
3 -H X X X X X X X X X X
0 O  C
cn<f x_^ CD K— m o o m t:— r- 00 m
0 r— o m CD m r- m rx CO vo
C-i C-i • • • • • • • • • •
0 0 m CXI *— VO m r~ m *— m CXI
> Q.
<
0
o
0 C ^ x
cn 0 0 iA Cx| o VO m O T— |X m m
0 C 4-> • • • • • • • O m o
f4 -H -H fA □ T— m vO <r <r • • •
0 E c VO <r m r— CXJ r— r— rx t— r—
> 3 x^
<C i—1
0 rx ix rx rx rx rx ix vo VO VO
0 o o o o o o o o O O
f-l t— r— t— c— —^ t— —^ T— —^ —^
c
X X X X X X X X X X
X• in CX| o vO m o r— rx in m
cr m o r— m vo xf xf o m CD
0 • • • • • • • • • •
u VO xf m r— CXJ r- r— fx r— t—
Li_
VO m m m VO m VO in vo vo
CO O o o o O o O o O O
3 <~ V- r_ r— t— *~ r_
X X X X X X X X X X X
0
0 0 rx ia r— CXJ m o *— |x in m
t-l X> CX| o CX| rx m o <f O m o
<C -H • • • • • • • • • •
C *— CO VO CXJ r— rx r— fx t— T—
0 ^ x
0 0
U  0
0 f-4
0 CD T— <f in ix 00 o t— m CO
0 3 ON m ON CD T— <r CXJ CO CXJ
0 cr m cxi t— <r CXJ <f CXJ xf m
rH 0
3 x^
Q_
0
0
0 crc c
X> *Hx: x) T— cxi m <r T— m r— m —^ m
Oixi CO CD CD CO CO CD CO CD CO CO
•H 0
C-i (X
CO
c
O >N
•H O
XJ C r-N
•H 0 0
x) 3 \ C3 o CD r—
0 cru- m CXJ T—
Q. 0 x^
0 C-4cr u.
to4J 
i— I
3CO
CD
C-i
TD 
CD 4-> 
CO >—I 
3 X) 
CO
CJ
CD
X)
CO
Lu
mi
na
nc
e
zoe>
o’oo
4->
o
CL
~o
CL
Q .
4-> _j_>ZD CL
•H JD ¥ -J
f-t 4J
C_) to cr
4-)
CL
_o
cr
u.
o1^1
CJ
CP
o
o 00CM
o
4->•H
Fl
as
he
s 
pe
r 
se
co
nd
APPENDIX D
EYE-BLINK ARTEFACT IN THE FVEP STUDY
The possibility that the apparent differences of the
N3 component, between the groups might be due to eye blink
artefact time locked to the stimulus and picked up at the
Fz reference electrode was explored. Subtraction of the 
averaged ERG (referred to linked mastoid electrodes), 
recorded simultaneously with the FVEP in the D1 conditions 
from the 'SY' group, from that recorded from the 'CY' group 
is presented in Fig,D,l, A small negative component at 
about 160 msec latency is shown. Subtraction of the 
averaged FVEP recorded at Oz (referred to Fz) from the 'SY' 
group from that of the 'CY* group produced an almost 
identical difference to that obtained by the subtraction of 
their ERGs, The result of the two operations are shown 
superimposed in Fig,D,l, Similar subtraction operations 
were performed on the averaged ERGs and VEPs recorded from 
the same subject groups in the light adaption situation. 
They are presented in Fig,D,2 and it can be seen that there 
is no notable difference shown by the subtraction of the 
ERGs, coincident with the difference obtained by 
subtraction of the VERs,
Fig,D,l shows that in dark adaption conditions, when 
the subjects found it more difficult not to blink to the 
flash, eye blink potentials can contaminate data recorded 
from derivations using an Fz reference. The eye blink 
artefact recorded at Fz is increasing positivity which, at 
the reference 'white* lead connected to Fz, causes the
upward deflection shown in Fig,D,l, the same direction as
that caused by increasing negativity of the VER recorded at 
the active 'black' lead connected to Oz, It is therefore 
not possible to distinguish, with confidence, the source of 
the potential from this data.
It was decided, on this evidence, not to include the 
N3 component evoked in the dark adaption conditions, in 
further analysis. There was no evidence to indicate that 
eye blink artefact presented a problem when the stimulus 
was presented in light adaption conditions.
£ 0 7
ERG— Fz
ERG— Fz
Oz— Fz
Oz— Fz
XT^ xrz
ERG Difference VEP Difference
—
Flash
20 yjV
256 msec
ERG Difference (thin) 
VEP Difference (thick)
Fig. D.1 Comparison of the differences obtained from subtraction 
of the Grand average ERG and FVEP of the migraine (S) and control 
(C) groups of the young population. The responses were evoked in 
dark adaption conditions.
ERG— Fz
ERG— Fz
Oz— Fz
Oz— Fz
ERG Difference VEP Difference
Flash 20 jjV
256 msec
ERG Difference (thin) 
VEP Difference (thick)
Fig. D.2 Similar comparisons as in Fig. D.1 for light adaption
conditions.
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